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PREFACE.

This volume is one of a series. In the first of the series—

a

volume published last year, entitled " Hydrology of South Africa •

or, Details of the former Hydrographic condition of the Cape of

Good Hope, and of causes of its present Aridity, with suggestions

of appropriate remedies for this Aridity,"—it is stated that the

desiccation of the country is attributable, primarily and mainly to the

upheaval of the land and the consequent rapid draining off of the

water with which it was covered and of the subsequent rainfall;

and secondarily, to rapid evaporation occasioned by the temperature

and latterly promoted by the destruction of forests and herbage

and grass. There are adduced facts and testimony indicative of

this having been the case ; and in view of these the appropriate

remedies for the prevailing aridity are stated to be—the erection of

dams to prevent the escape of a portion of the rainfall to the

sea,—the abandonment or restriction of the burning of the veldt,

—the conservation and extension of existing forests,—and the

adoption of measures similar to the rehoisement and gazonnement

carried out in France, with a view to prevent the formation of

torrents and destruction of property occasioned by them.

There is now in the press, and shortly will be published, a

continuation of that volume on the " Hydrology of South Africa,''

supplying illustrations of the practicability of applying the first of

these remedies being a report on the water supply of South Africa :

its sources, its quantity, the difficulties (physical and other) in the

way of works of extensive irrigation being carried out at the Cape,

and the means of accomplishing these which are at command, with

notices of what has been done in connection with the storage of

water and irrigation in other lands.
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This volume, on the efifects of forests on the humidity of the

atmosphere and of the ground, follows in the series, supplying

illustrations of the reasonableness of the suggestion made in regard

to the conservation and extension of forests, as a subordinate

means of arresting and counteracting the desiccation and aridity

of the country.

And early in the present year was published a volume entitled

" Reboiseraent in France : or, Records of the replanting of the

Alps, the Cevennes, and the Pyrenees with trees, herbage, and

bush, with a view to arresting and preventing the destructive

consequence and effects of torrents."

Should encouragement offer, the publication of this volume will

be followed by the publication of a volume on the effects of

forests on the temperature of a country, and the correlation of

humidity and temperature in meteorological phenomena ; a volume

on the chemistry of vegetation, and the effects thereby produced

on the salubrity of a climate ; and a compilation of official docu-

ments, showing what arguments for the conservation and exten-

sion of forests have been submitted to the consideration of

legislative and sci'^iitific bodies in different countries, in view of

the meteorological effects of forests,—and what measures have been

adopted in view of these to secure more extensively for the benefit

of man the meteorological benefits which may be thus produced.

Haddington, December 1876.



EFFECTS OF FORESTS
ON THE

HUMIDITY OF THE CLIMATE.

INTRODUCTION.

The following treatise on Meteorological Effects of Forests relates

mainly to the effects of these on the humidity of the atmosphere and

of the soil. Besides these there are effects produced by forests on the

temperature and the salubrity of a country, and all of these are cor-

related—each of them affecting the others, and the others, each.

It is a matter of common observation that houses in the close

proximity of trees are often damp ; it is also frequently observed that

both in summer and winter the temperature in a wood is different

from what it is in the open country ; and it is becoming generally

known that vegetation so affects the constitution of the atmosphere

as to keep the air fit for the support of man and beast. Phenomena

connected with each of these effects, and different phases of these,

will incidentally come under our notice ; and their con-elation may be

attended to ; but the discussion ef these does not come within the

scope of this treatise.

No effects are attributed by me to forests which are not produced,

or might not be produced, by any and every blade of herbage or of

grass according to its measure. The difference is considered to be only

a question of degree. As the hue of a single hair, or a thread of spun

glass, may be imperceptible to many observers to whom the hue of a

mass of the same hair or glass may be apparent at once, so the

meteorological effect of a tiny leaf or a tiny moss, scarcely percep-

tible by a hurried glance, or those of a single tree, may be inappre-

ciable because infinitesimally small, but the effects produced by a

forest with its countless trees, boughs, and leaves be most manifest
;

and then, with these effects known, we may with advantage proceed
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to the closer study of any one of them, or of phenomena connected

with them in such of the less complicated vegetable structures as

supply facilities for the study of these phenomena free from compli-

cations which are met with in such masses of vegetation as are met

with in forests ; and by reasoning from the lesser to the greater, as

well as from the greater to the less, we may attain to what are at

once clearer and more comprehensive views of the truth on the

subject. This is what I propose to do in the sequel.

To prevent misapprehension I may call attention to the circum-

stance that in treating of humidity it is not the rainfall alone of which

I speak. I attribute not a little of the prevalent popular opinions in

regard to the effects of forests, and controversies in regard to these to

the difference between these being overlooked.



PART I.

Phenomena op Vegetation on which Meteorological Effects

OF Forests Depend.

Chap. I.

—

Primary Phenomena op Vegetation.

The study of the phenomena of vegetation, on which meteorological

effects of forests depend, may advantageously be begun by the con-

sideration of what takes place in some of the more simple forms of

vegetables.

The simplest form of vegetable appears to be what is called Red
Snow. In Alpine and Arctic regions, there are occasionally seen on

the rock or on the snow patches of red-coloured matter, not unlike

dust. When this matter is examined microscopically it is found that

each particle of the dust-like substance is a small cell, or bladder-like

body ; it is not a crystal ; it does not appear to be an animal ; it

seems to be a plant—and a plant of simpler structure it would be

difficult to conceive. It is known to botanists as the Protococais

Nivalis.

A plant similar to this, but somewhat more complex in structure

—if the term complex can be employed with propriety in speaking

of a structure so very simple—is seen in the Yeast Plant.

With a stick or a spoon there may be drawn from yeast in active

fermentation thread-like bodies which, when examined microscopi-

cally, appear like a string of beads, each bead being a cell, not unlike

the Red Snow in structure, but colourless. This is the Yeast Plant,

and if the thread be broken each cell may be developed into a thread-

like plant similar to that from which it has been dissevered.

In Co7ifervce, and in many confervoid plants found in streams and

fresh water pools, we find a similar structure, but this is enclosed in

an investing skin, and the cells are drawn out from a globular into a

more or less elongated cylindrical form. And in the larger Algce, or

sea weeds—some of which there are which are 1000 feet in length

—

when they are examined microscopically we find, and find only, a

mass of such cells less regularly arranged, enclosed in an investing

skin of similar cellular structure.
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The growth of all such bodies—as it is of many others, but it is of

these I speak at present—is effected by the multiplication of the cells

of which they are composed. The process of cell growth and cell

production has been studied in numerous structures, both vegetable

and animal, with similar results ; and it may be described in general

terms thus :—In many cells, when examined microscopically, there

may be seen at one place a thickening of the cell wall ; in some may

be seen, in the cell contents, floating bodies, two, four, or more in

number, from which there is being developed a fine transparent

membrane, with an appearance like that presented by the glass on a

watch ; this gradually expands and is distended with liquid, until, in

process of time, the mother ceil is ruptured by their distension, and

they continue to expand as independent cells, giving birth to others,

and in like manner giving place to these in their turn.

It is not necessary to my present purpose that I should discuss the

question of how this process is originated and maintained. It is with

the process and what follows from it with which I have to do. To

prevent misapprehension, I may state that I do not know of the process

having been in any case observed continuously from its commence-

ment to its completion ; but different cells have been seen and studied

In aU the stages of gi'owth and reproduction to which I have referred.

The increase of bulk in each cell may be too minute and too slow to

be noted, but with the process going on simultaneously in a long line

of cells the effect may be perceived. I have seen the extremity of a

conferva, held fast at the other end, advance across the field of vision

in a microscope with which I was examining it. Nor will this be

astounding if it be considered with what rapidity the process of cell

production, growth, and reproduction must sometimes go on. Large

tracts of snow in Arctic regions, and in Alpine districts, are some-

times quite suddenly reddened by the production of the Red Snow

plant, to which reference has been made, the consequence of the

development of innumerable cells. One form of fungus, the Phallus

imjmdiens, has been observed to shoot up three inches in the space

of twenty-five minutes. Another, Bovista Gigantea, the giant puffball,

" has grown," says Balfour, " in a single night in damp weather from

the size of a mere point to that of an enormous gourd. From an

approximate calculation it is found that in this plant not less than

20,000 new cells are formed every minute. Kieser estimated that

the tissue of some fungi augmented at the rate of 60,000 cells

per minute."

In South Africa I have frequently observed a marked difference in
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the altitude of the flowering stem of the American Aloe, Agave

Anieticana, as I returned to my home in the evening from what it had

been in the morning as I passed on my way to Capetown. Dr Asa

Gray, writing on the cell increase in this gigantic peduncle, says,

—

" After waiting many years, or even for a century, to gather strength

and materials for the effort. Century Plants which grow in our con-

servatories send up a flowering stalk which grows, day after day, at

the rate of a foot in twenty-four hours, and becomes about six inches

in diameter. This, supposing the cells to average l-300th of an inch

in diameter, requires the formation of over tioenty thousand millions

of cells in a day !

"

It is by such cell production, development, and multiplication

that the growth of all plants, from the Snow Plant to the monarch of

the wood, is effected ; nor is it without consideration that I make use

of the term multiplication in speaking of the increase of their number,

for it is the case that it is by such metrical progression that the

increase is effected. Not only may each cell be studied as in itself a

complete organism, an integer, and consequently an integral part of

the more comprehensive structure into which it enters—as a man is

in himself complete, an integer, and, consequently, an integral part of

the nation to which he belongs, and as such may be made the subject

of study apart from the other men of whom, along with him, the

nation is composed,—but, in the Red Snow, we have a single cell

constituting a complete plant ; and in this we may study more

conveniently some of the phenomena of vegetation on which some of

the alleged meteorological effects of forests depend as consequences.

The absorption of moisture appears to be an invariable concomitant

of cell growth and, consequently, of cell development and cell

increase. We may afterwards enquire what function the moisture

fulfils in the vegetable economy, at present it is only the fact and the

mode of its accomplishment which are brought under consideration.

A cell is too minute for ocular demonstration of the mode of

absorption of moisture through the cell wall to be given by it.

The cells vary in different plants, from about the thirtieth to the

thousandth of an inch in diameter ; an ordinary size is from 1 -300th

to 1-500th of an inch, so that there are generally from 27 to 125

millions of cells in the compass of a cubic inch of vegetable cellular

structure. In cells so minute occular demonstration of the modtis

operandi is not to be expected. But they have been spoken of as
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bladder-like bodies ; and with a bladder may be shown on a large scale

what is done by them on a small.

If a bladder be partially filled with water holding salt or sugar in

solution, have the orifice closed tight, and be put into a basin of

water, it wull be found after a time that the bladder will become filled

and distended ; water has been absorbed through the tissue. While

it is thus with the bladder, if the remaining water in the basin be

examined it may be found to have acquired the peculiar taste of the

salt or the sugar of which a solution was introduced into the bladder

before its immersion ; or if the taste be not perceptible, an appli-

cation of appropriate chemical tests will show that there is such salt

or sugar there in solution. Apparently there must have been a

transference of water fi'om the outside into the inside of the bladder,

and a transference of a lesser portion of the solution of salt or sugar

from within to the water without in the basin ; apparently this can

only have taken place through the tissue of the bladder ; and all

that is known of the process goes to prove that it is not only so to

appearance but that it is so in fact. To these two distinct operations

the designations Endosmose and Exosmose have been given by

Dutrochet, a French physiologist ; and these designations have come

into general use in treatises on the subject in our own and other

languages, Endosmose being applied to the passage of pm-e water, or

of weaker solution, or a solution of other matters, from without, and

exosmose to the passage of the water with matter in solution from

within.

Reasoning from a widely extended analogy, it is thus that the

moisture is imbibed, absorbed, or, to speak more guardedly, trans-

ferred from without into the interior of the cell.

In consideration of this process being the initiative of phenomena

of vegetation on which the alleged meteorological eff'ects of forests

depend, it may be well to ascertain, as satisfactorily as we can, how

it is that what takes place is effected, that we may carry with us a

definite conception of this radical operation in our subsequent con-

sideration of subsequent operations to which attention must be given.

Without entering on the question how matter is held togethei', I

may call attention to three manifestations of the attractive force :

that of cohesion, whereby particles of the same substance are held

together, as in a piece of wood, a drop of quicksilver, or a drop of

water; adhesion, whereby particles of one substance adhere to

another substance, as water, treacle, or tar adheres to the finger
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dipped into it, while quicksilver does not ; and chemical affinity,

whereby particles of one substance attract and enter into combina-

tion with particles of another substance with which they may be

combined, as in a solution of soda-water powders the tartaric acid

attracts the soda from the carbonate of soda and combines with it,

leaving the carbonic acid with which it was combined disengaged and

free to escape as it does in the effervescence which it occasions.

A clear conception of the differences thus indicated will make the

process of endosmose and exosmose more intelligible. In the illustra-

tions of adhesion which I have given, the attraction of adhesion

between the finger and the quicksilver was of less force than the

attraction of cohesion by which the particles of matter of which the

finger is composed, and than the attraction of cohesion by which the

particles of quicksilver are held together, and the finger could be

withdrawn unbroken leaving the quicksilver entire. But in the

other cases mentioned the attraction of adhesion, though less in force

than the cohesion betwixt the particles of matter of which the finger

is composed, was greater than that by which the particles composing

the water, the treacle, or the tar were held together, and this giving

way a portion adhered to the finger.

In the endosmose taking place in the case adduced for illustration

the adhesion to the bladder of the water in the basin must have been

greater in force than the attraction of cohesion by which the particles

of water were held together, and the chemical affinity of the saline

solution within the bladder for the water greater in force than the

attraction of adhesion by which it was held by the bladder. From
the moistened tissue of the bladder, water by which it was moistened

was attracted by and combined with the saline solution; this was

replaced by more from the basin, which in like manner was with-

drawn, and the process went on continuously, producing the pheno-

menon of endosmose.

The process of exosmose was similarly produced : the force of

adhesion between the saline solution and the inside of the bladder

was greater than the force of cohesiou by which the particles of that

solution were held together ; but the chemical affinity of the water

in which the bladder was immersed for that saline solution was still

greater in force than that adhesion, and thus a portion of the saline

solution was withdrawn and combined with the water in the basin.

This is not given as a full explanation of all the phenomena of

endosmose and exosmose, but as an explanation of the more striking

phenomena produced, which is all that is required for the object in
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view. I may add that the explanation given does not render

necessary the supposition of two distinct cun-ents flowing in opposite

directions and crossing each other, one flowing in unbroken continuity

from without inwards, and the other flowing in unbroken continuity

from within outwards, either in the same or in difi'erent channels.

More probable is it that the transference is going on continuously,

simultaneously in both directions—a process which may perhaps be

made more intelligible by an explanation of what takes place in the

decomposition of water by galvanic influence. If a plate of zmc and

a plate of copper connected by a wire be kept apart and introduced

so into a vessel of water, the water will be decomposed, one of its

elements, oxygen, will be disengaged in connection with one of these

plates, and hydrogen, the other constituent element, will be dis-

engaged at the other ; but there is no appearance of decomposition

taking place at any one or more points, and of the elements flowing

thence to their respective issues,—and what is actually seen, may be

explained by supposing that in immediate contact with one plate, or

with each, a particle of water is decomposed by the liberation of one

of the constituents which escapes, and the other is transfeiTcd from

particle to particle, only becoming visible when it escapes in contact

with the other plate.

The process may be illustrated mechanically by means of a sis-

inch parallel rule, thus : let the one scale represent oxygen and the

other hydrogen ; let pei-pendicular lines divide them into six equal

spaces, which conjointly may represent particles of water composed

of oxygen and hydrogen ; let these be numbered, the fii*st couple

each marked 1, the second couple 2, and so on ; let the two scales of

the rider next be di-awn in opposite directions, and if the spaces

marked on them be equal to the distance which each projects beyond

the other, you will have again spaces appropriately representing

particles of water ; but you will have oxygen No. 1 above hydrogen

No. 2, oxygen No. 2 above hydrogen No. 3, and so on ; hydrogen No. 1

and oxygen No. 6 representing what seems to take place in the

decomposition of water by that simple galvanic apparatus.

As in the decomposition of water by galvanism thus illustrated,

the escape of the hydrogen of water in contact with one plate, and

that of the oxygen of water in contact with the other plate, seem to

result from a transference of hydrogen from particle to particle, and

simultaneously with this a transference in the opposite direction of

oxygen from particle to particle, through the whole line of particles

of water intervening between the two plates,—so in the exosmosic
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and eudosmosic action may the tranference be going on from particle

to particle, through the whole tissue of the bladder, without the

formation of any distinct currents of the two fluids as they exist.

It may be mentioned that the eftect would be similar if the pure

water were put into the bladder, and the solution of salt or sugar

into the basin in which the bladder is immersed ; but in this case, in

accordance with what has been stated, the exosmose would be in

excess of the endosmose, more water would be withdrawn than would

be replaced. The difference in the quantity passed by endosmose

and exosmose may in both cases be attributed to the difference

between the force of the chemical affinity of the saline solution, or

the salt in it, for water, and the force of the attraction of adhesion, by

which the water is kept attached to the bladder, being gi-eater than

the difference between the force of the chemical affinity of the pure

water for the saline solution, and the attraction of adhesion by which

that solution is attached to the bladder.

If the chemical affinity of the saline solution for water be equivalent

to 8, and the attraction of adhesion of this solution to the bladder be

eqmvalent to 6, the diff'erence between these is 2. If the adhesion of

water to the bladder be equivalent to 1, and the chemical affinity of

the pure water for the salt in the solution be equivalent to 1, the

difference between these is 1 ; and the endosmose would be to the

exosmose as 2 is to 1.

Dr Asa Gray, Professor of Natural History in Harvard University,

Cambridge, Massachusets, in writing of endosmose and exosmose with

a solution of sugar as the subject of experiment remarks, in

accordance with what I have stated,—" At the same time, the water

in the vessel will become slightly sweet; showing that a small

quantity of syrup has passed through the pores of the membrane into

the water without, while a much larger portion of water has entered.

The water will continue to enter, and a small portion of syrup to

leave it, until the solution is reduced to the same strength as the

liquid without. If a solution of gum salt, or any other substance, be

employed instead of sugar the same result will take place. If the

same solution be employed both in the vessel and in the [bladder]

no transference or change will be observed. But if either be stronger

than the other a circulation wiU be established, and the stronger

solution will increase in quantity until the two obtain the same

density. If two different solutions be employed; aS; for instance,
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sugar or gum within [the bladder] and potash or soda without, a

circulation will in like manner take place, the preponderance being

towards the denser fluid, and in a degree proportionate to the

diflFerence in density. Instead of animal membranes, any vegetable

matter with fine pores, such as a thin piece of wood, or even a

porous mineral substance may be substituted with the same result."

All this is in accordance with observations made by Mateucci, an

Italian physiologist, who gave very careful consideration and study

to the phenomena as produced by experiments with various

substances, transfei-red by endosmose and exosmose through various

media, embracing the analogues, or homologues of almost every action

of the kind observed in animal physiology ; and many, if not all

similar actions observed in vegetable physiology may be accounted for

as being thus produced. Thus, apparently, is the moisture absorbed

by uni-cellular plants like the Red Snow, and by the cells of which

such plants as the Yeast Plant, the Confervse, and the sea-weeds are

composed, and by the cells entering into the structure of such plants

as grass, and herbs, and bushes, and trees.

With the knowledge thus attained, attention may be given to the

absoi-ption of water as a concomitant of vegetation.

" There is hope of a tree if it be cut down that it will sprout again

and that the tender branch thereof will not cease. Though the root

thereof wax old in the earth, and the stock thereof die in the ground

;

yet through the scent of water it will bud and bring forth boughs like

a plant." Thus wrote the author of the Book of Job more than three

thousand years ago—more than fifteen hundred years before the

coming of Christ ! On the other hand, drought is, I shall not say

destructive, but, interruptive to vegetation.

We need not yet enquire into the function of the moisture in the

cell development, we have only to do at present with the two facts

adverted to, that the scent of water promotes and revives vegetation,

while drought interrupts it.

In the case of the most of the lower forms of vegetation which have

been cited, the absorption is supposed to take place over all parts of

their surface, and in the case of all of these, excepting the Red Snow,

they are found growing surrounded with moisture ; and thus the

growth of the gigantic sea-weeds is continued by the absorption of

moisture by the myriads of cells of which exclusively their covering

is composed.

But forests consist of trees and not of sea-weeds. And trees are
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not algse and confervce, but gigantic plants growing on di*y land

—

land hard and dry as the mountain brow. And to another phase of

vegetation promoted by the absorption of moistui'o attention may

now be given.

As with algtc so with grasses and herbs, and shrubs and trees, their

whole structure is built up of cells, some of which may have been

elongated into vessels, or otherwise metamorphosed \ and the dry

dead cell walls of these constitute the pith and the woody fibre of

which trees seem chiefly composed. Of some of the vessels through

which the milk sap flows it may be that they have been formed

otherwise ; but the priucipal difierence between the gigantic tree

and the gigantic sea-weed in the source of growth is only this, that

while the latter absorbs nutriment over the whole of its surface the

former does it mainly by the roots, and almost exclusively by the

cells at the extremities of the rootlets, where are masses of them,

which have, in reference to this function, received the designation

spongioles, or little sponges, resembling these as they do, not in their

structure, indeed, but in their power of absorption. They are often

represented in cuts as rounded elongated expansions, but they are

not always to be so seen by the enquiring learner; examined micro-

scopically, they appear as numerous unprotected living cells at the

extremities of the rootlets, of which those furthest from the root to

which they belong continue to increase and multiply with rapidity in

appropriate soil, while those behind, and nearer to the stem, seem to

have lost in a great measure this power of reproduction.

It may seem that the absorbing surface bears but a very small pro-

portion to the entire bulk of the plant, and I am not concerned to

dispute the correctness of the conclusion that proportionally it is

small, but what is proportionally small may be absolutely great.

Count the rootlets of an onion, or of a leek, or of a stalk of wheat,

and estimate if you cannot measure the superficial extent of the

spongioles ; calculate if you cannot count, and estimate if you cannot

even calculate, the hair-like fibrillse of the roots and ramified rootlets

of a shrub or a tree, and by I'easoning try to form some idea of the

vastness of the superficies of the spongioles there, and you may find

that it is not to be despised. Bear in mind that much of the mass of

a growing tree is fixed and stable,—that a small streamlet may have

filled and may keep filled an extensive lake, provided only the out-

flow do not exceed the supply,—that a very small orifice or mouth,

and that used only occasionally for the purpose, may suffice and does

bu£&ce for the feeding of a man or other animal,—and any prejudice
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hindering the ready acceptance of the doctrine, that the absorption of

moisture by the spongioles of a tree is the homologue of the absorp-

tion of moisture by the whole sui-face of the confervse of the streamlet

and of the algse of the sea, will be removed.

I have oftener than once made use of the term absorption, but

as may have been seen, from the explanation of exosmose and endos-

mose which has been given, it is scarcely applicable with propriety to

such a process ; but with this caveat I may be allowed to make use

of it in lack of some term less exceptionable. It is solely in reference

to that process that I here employ it.

The water thus absorbed by the several cells composing the

spongioles of the root is by a similar process absorbed from them by

cells behind them ; and by continuous repetition of it by those beyond

the moisture absorbed from the soil is passed on and on, from the

extremities of the rootlets to the extremities of the smallest twigs,

and to the furthest and the loftiest extremities of the branches of the

trunk. There, through the leaves, a part, and that a large portion

of it, is given ofi" into the atmosphere, while a part, comparatively a

small portion, is returned by the same duplex process of exosmose and

endosmose by the same cells, and others, their progeny, towards the

root. By the way is deposited, by exosmose, nutriment for the tree,

the leaf, the flower, and the fruit; and the residuum is in part deposited

by the same process in the leaves, the bark, or the root, and passed

off into the soil by the exosmosic action of the cells composing the

spongioles of the root.

It may now be seen how vegetation may have some effect in

increasing the humidity of the atmosphere ; but, as a preliminary to

the consideration of this, some further attention may be given to the

phenomenon of the rising of the sap.

The rise of the sap in trees is to many a phenomenon or fact for

which they cannot account satisfactorily to themselves ; or, if this

they can do, or think they can, they cannot do so in such a way as to

cover all the phenomena to the satisfaction of others. The pressure

of the atmosphere will not account for what is seen. Capillary

attraction has been thought of, but this does not account for a down-

ward flow of the sap, which is a pax*t of the phenomenon, and it is a

downward as weU as an upward flow which has to be accounted for.

Experiments have been made with a view to account for the upward

flow, the results of which, and perhaps some others, could be
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accounted for by what was called a vis a tergo, a power or pressure

from behind ; but this, like the older aphorism that Nature abhors

a vacuum, will not stand examination ; and the elasticity and tension

of the wood accounts for all that was seen in the experiment which

suggested the phrase vis a tergo, or pressure from behind, though not

for all the phenomena connected with the rising of the sap. But in

endosmose there may be found a satisfactory mode of accounting for

all that is known to take place in connection with the flow of the sap.

I do not know a more simple illustration of exosmose and endosmose

than that which I have given, but to illustrate more fully the pheno-

mena, with a view to the explanation of the rising of the sap, I may
give the following : Let a piece of bladder be stretched over the

mouth of a funnel and tightly fastened there, and let a tube, if one

of glass so much the better, be attached to the orifice of the funnel

;

let this funnel, half-filled with a solution of salt, be immersed in water

with the tube projecting upwards. The water in the vessel will

become slightly saline through the escape, by exosmose through the

organic tissue, of a small portion of the solution of salt, but this will

be replaced by a much greater quantity of water entering by endos-

mose, and so increasing the quantity of water within the funnel

and tube, that this will be seen to rise in the tube, until—through

the dilution of this, and the loss, by exosmose, of a portion of the

substance held in solution—an equilibrium be established between

the strength of the solution on the one side and on the other of the

separating membrane. But should the tube be insufiicient to contain

such a quantity as this would render necessary, the surface of the

solution will rise till the solution overflows, and it will continue to

flow until the equilibrium spoken of be established.

This experiment, with its results, makes manifest the difference

between endosmose and capillary attraction, depending, as they do, on

different actions; and it seems to indicate that the process of endosmose

may supply a satisfactory explanation of the rise of the sap in lofty

trees, though capillary attraction fails to do so.

The phrase capillary attraction is employed to account for the rise

of liquids to a considerable height in tubes of small diameter, and

through interstices of similar size in solid bodies. If several tubes

of different diameters of bore have their lower extremities immersed

in water and be held erect, the water will rise in them to different

heights and be sustained so elevated. The smaller the bore is the

greater will be the height to which the water will rise and at which

it will be sustained, hence the derivation of a name from capilla, a
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hair. In such phenomena the attraction of adhesion may be inferior

in force to the attraction of cohesion, or equivalent thereto, but it is

so great as to overcome the attraction of gravitation and to elevate

the contained column of water above the level of the mass to which

the attraction of gravitation would lower it but for the conteracting

influence thus exercised upon it. The quantity of water thus raised

is pi'oportional to the area of the surface of adhesion, and to this the

attraction is confined ; and thus it comes to pass that capillary

attraction cannot raise water till it overflow, as it does in the experi-

ment on endosmosic action which has been spoken of, and for which

the different action by which endosmose is effected enables us to

account. That action has already been explained.

If a worsted thread six inches long have two inches at the one end

immersed in water filling a basin to within half an inch of the top,

and the other end be allowed to hang down outside the vessel, the

water may rise in it and after a time begin to drop from the pendant

extremity^ which it will do more readily if it be thoroughly

moistened immediately before ; and this may seem at variance with

what I have just said. If, however, we distinguish things which

diff'er, we may see that it is not so. The water may be raised in the

capillary interstices of the worsted thread in opposition to the attrac-

tion of gravitation to the level of the basin, and it may be onward

beyond it ; it may have been attracted a little way on its descent out-

side by the same force, but here there came into operation along with

this the attractive force of gravitation; as the water was drawn

onwards and downwards by capillary attraction, the co-operating force

of gravitation would be increased ; and at length the worsted thread

without ceasing to act by capillary attraction would become a verit-

able syphon, in which the gravity of the water in the longer limb,

and the pressure of the atmosphere on the surface of the water in

the basin would occasion a continuous flow.

I have not said all that might be said in regard to this ; but I have

said enough to show that this is different from the overflow at its

upper extremity of a tube filled by endosmose from below, and, con-

versely that this is different from that, leaving it free to indicate that

endosmosic action may, as has been said, supply an explanation of

the rise of sap in lofty trees, though capillary attraction fails to do so.

I have referred to an opinion that the rise of the sap may be

attributable to a vis a tergo, and some of my readers may think that

in endosmose he has found this vis a tergo, or, at least, a vis a tergo

which will explain all ; and to this I would next attend.
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The indication of the existence of what is called a vis a tergo, and

the illustration of its power usually given, is one supplied by an experi-

ment devised by Hales to measure, as he thought, the force with

which sap ascends in a stem, A tube, bent so as to ascend, descend,

and ascend again, had a quantity of mercury introduced into the

curvature between the descending and re-ascending portion, and was

attached firmly to a stem, the top of which had been cut off. It was

fastened on the stem by means of a copper cap which was secured by

a lute, and this was covered with a piece of bladder firmly bound

above and below the upper and the lower extremities of the cap ; the

level of the mercury at the commencement of the experiment was

noted, and as the sap rose in the stem, and through the stem into

the ascending limb of the tube, which it did, the pressure caused the

mercury to sink in the descending limb and rise in the ascending

one ; and thus could the pressure occasioned by the ascending sap

be measured.

Brucke, experimenting with such an apparatus, found that in a

vine the spring sap, having a specific gravity of TOOOS, raised a

column of mercury to the height of 4|^ inches, and therefore must

have created a pressure equal to that of a column of water 195 inches

high. In another experiment, sap of specific gravity 1-0009 raised

mercury to the height of 17| inches.

The force of the pressure in one experiment which was tried was

found to be equal to 38 inches of mercury, which Hales states is

nearly five times greater than the force of the blood in the crural

artery of a horse, and seven times gi'eater than the force of the blood

in the same artery of a dog.

These statements I accept unhesitatingly. I know not what

precautions were adopted against error, and I cannot divest my mind

of the impression that the force of the pressure may have been due in

some measure to the elasticity of the stem released of the pressure of

the portion of the tree cut off. Knowing of no vis a tergo but that of

endosmose, I accept the facts as an approximate measurement of that

action, and an indication of the rapidity with which it is carried on ;

but I do so only provisionally. The impression to which I have

referred remains. I have oftener than once cut down a banana plant

in vigorous growth, and in a few minutes seen the inner portion half

an inch or more above and beyond the entire integument, which may
have been occasioned by rapid growth ; but in the one case as in the

other, in the absence of certain knowledge, I cannot divest myself of

the impression that the phenomena may have been to some extent
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the result of the elasticity of the stem released of the pressure of the

portion cut off; and I claim only to have shown, as yet, how water is

taken up by trees from the soil, and that endosmose may supply an

explanation of the rising of the sap to the highest twigs, and to

the extreme ramifications of the most distended boughs.

Exosmose and endosmose are found to take place freely through

two tissues, the surfaces of which are contiguous to each other, the

double tissue acting much as a homogeneous tissue, thicker than

either of them would do ; and in the knowledge of this—the know-

ledge of the fact that sap does rise from the rootlet to the stem, the

knowledge that capillary attraction cannot explain all the phenomena

of the case, the knowledge of the fact that no other vis a tergo has

been discovered, and the fact that by endosmose and exosmose all

the phenomena of the case are explicable,—it seems not unreasonable

to conclude that thus it is that the rise of the sap may be effected.

At this stage of our consideration of these phenomena the determi-

nation of this is of importance, mainly, in satisfying us that we have

not lost sight of the moisture in tracing, or endeavouring to trace, its

course from the rootlets to the leaves. It wiU subsequently again

demand our attention. It is the absorptioo of moisture from the soil

and the emission of a large portion of this into the atmosphere with

which we have chiefly to do in studying the meteorological effects of

forests on the humidity of a climate. It is by the spongioles that it

is absorbed, and by the leaves that it is emitted. The transmission

of that moisture from the spongioles to the root is, in so far as our

present study is concerned, not unimportant, but its importance is

only secondary in view of the absorption and emission ; and to the

means whereby this passage of moisture from plants by their leaves

is effected would I next direct attention.

The passage of moisture from plants by their leaves is effected

by means of what may be described, in mechanical phrase, as a

beautifully simple self-regulating ventilating-evaporating apparatus.

The operation of this I would illustrate thus : In the oxalis as in the

clover we have a leaf composed of three leaflets. In an oxalis

brought from Guatemala the whole leaf is almost transparent, and it

is said that six sets of vessels can be distinctly traced—three pairs,

one pair proceeding from each leaflet ; and it is conjectured that in

other plants a similar arrangement exists ; but in most plants it is

difficult to separate and distinguish the different sets of vessels.

These vessels, with less or more of cellular matter, constitute the
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mid-rib and leaf-stalk, and go to form the twig, branch and stem, or

trunk and root.

When the leaf itself is broken across, or cut, it may appear to be as

homogeneous as a sheet of paper of the same thickness, with scarcely

space sufficient for any more complicated structures; but when
examined with a microscope of considerable power it is seen to be

composed of a great number of cells piled loosely together, six or

eight or even more it may be in depth, with large spaces

intervening, and framed by a layer of similar cells, compactly

arranged like a brick floor, forming the back of the leaf,

and a double or triple layer of cells, similarly compactly arranged

like brick-work, two bricks or three bricks thick, forming the face of

the leaf These are compact enough, but those constituting the

body of the leaf, filled with sap, are so loosely grouped, apparently

without any very determined or strongly marked arrangement, that

they only touch each other on parts of their surface, and the air may
play freely almost entirely round each and through amongst them

all. A simpler arrangement for thorough ventilation peAapa man
could scarcely imagine.

In the back of the leaf are numerous stomates, or mouths. The
structure of these differs in different plants, but what may be con-

sidered the typical structure is two elongated cells, resembling a

microscopic black pudding or thick sausage, so built into the struc-

ture of the skin of the leaf that this will not admit of their being

further elongated ; each of these is, along one side, attached to that

skin, but on the sides along which they are in contact they are free.

When moisture is in excess they become distended, but the structure

of the skin of the leaves is such that they cannot be elongated, and

they bulge away from each other, leaving a wide opening between

them through which the vapour with which the air surrounding the

cells in the interior of the leaf is charged finds an open exit. When
the pressure is relieved they, having lost some of the moisture or water

with which they were filled and distended, collapse to such an extent

as to diminish the opening ; and in this way, exactly to the degree

required, they vary and regulate that aperture—varying it, it may be,

I shall not say twenty times in the day, but, if necessary, twenty

times in the minute ; and if drought become such as to render it

desirable that every drop of moisture in the plant should be preserved,

under the influence of that drought they become flaccid .and com-

pletely close the aperture.

Such is the arrangement, in these galleries of the laboratories of the

B
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tree, for carrying offby evaporation all moisture wliicli may escape from

the cells, which may ooze out, or may be passed by exosmosic action

;

and a little further consideration may lead to the conclusion that the

arrangement has been made, not to get rid of accidental leakage, but of

all moisture in excess of what is actually required after the sap has been

so elaborated as to fit it to minister to the nutriment of the tree. Be

this as it may, it is not unreasouable, but the reverse, to suppose that,

however compact the tissue or structure of the cell wall may be, there

may be, or that there must be, interstices between the molecules of

which it is composed. A drop of water falling upon a heap of fine

dust, or of powdered rosin, immediately draws around it a water-

proof covering of the material amongst which it has fallen, which,

though waterproof, is not airproof, and the enclosed waters may be

evaporated thx-ough the interstices of the investing covering. So may
it be with these, though on a scale infinitesimally reduced.

Professor Huxley, in a paper " On the Border Territory between

the Animal and Vegetable Kingdoms," which appeared in Macmillan's

Magazine^for February 1876, citing some remarkable observations on

certain monads by Messrs Dalliuger and Drysdale, which were

embodied in two papers in the Monthly Microscopical Journal for

1873, speaking of certain granules, living embryos, remarks,—" The

authors whom I quote say that they cannot express the excessive

minuteness of the gi'auules in question, and they estimate their

diameter at less than l-200^000th of an inch. Under the highest

powers of the microscope at present applicable such specks are hardly

discernible. Nevertheless, particles of this size ai'e massive when

compared to physical molecules ; whence there is no reason to doubt

that each, small as it is, may have a molecular structure sufficiently

complex to give rise to the phenomena of life." Compared with such

embryos, cells such as those of which the substance of a leaf is com-

pose are giants. In a cubic inch of a leaf of the cai'nation there are

said to be upwards of three millions of cells ; in some of the cucumber

tribe, and in the pith of aquatic plants, what are reckoned larger cells

are found—they are from l-50th to l-30th of an inch in diameter

;

but cells are frequently seen only l-300th, l-500th, and 1-lOOOth

of an inch in diameter. It would be difficult for many to conceive of

the size of a cell 1-1 000th of an inch in diameter ; but these granules,

were not the two hundredth part of that in diameter, and one of

these smallest cells, could contain six millions of the granules in

question !

To one conversant with structures so iainute there is nothing
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astonishing in the supposition that molecules of moisture should pass

through interstices between the molecules of which the cell walls are

constructed ; and, with what is known of endosmosic and exosmosic

action, it seems to be not unreasonable to suppose that any moisture

passing through the cell wall from within outwards might, bj the

increased density following the evaporation of a portion of it, deter-

mine a current to follow it which would flow continuously. To the

consideration of what function of the leaf is thus subserved we shall

afterwards return : it is with the arrangement for the passage into

the atmosphere of moisture taken up by the spongioles with which

alone we are at present concerned.

Of the extent of the provision made for this evaporation some idea

may be formed from a consideration of the number of the stomata or

stomates to be found in the leaves of plants, often symmetrically

disposed. The number varies iu different plants, for which variation

a reason may be found in the different conditions of growth to which

they ai'e subjected ia their several natural habitats. In the back of

the leaf of the apple tree there are about twenty-four thousand

stomates to the square inch. In the leaf of the lilac there are

a hundred and sixty thousand of them to the square inch.

Sixty thousand have been reckoned in a square inch of the under

surface of the white lily and three thousand in a square inch of

the upper surface. In the leaves of the cherry-laurel there are

none on the upper surface of the leaf, but ninety thousand have

been counted on the lower surface of the leaf. In the true lilies

they are so large that they may be seen with' the aid of a

simple lens of an inch focus. In the water lilies, and other

plants having leaves which float upon water, all the stomates

are on the upper surface, where alone evaporation can take place.

Leaves of plants which grow entirely under water, where there can be

no evaporation, have none.

The mechanism of the opening and shutting of stomates has been

carefully investigated by Mohl, a distinguished German botanist, the

results are given in the Botanische ZeiUmg for 1866, p. 697 ; and it

appeal's that, while the general action is such as I have described,

other processes co-operate to ensux'e the result. It is paitly controlled

by the effects of light, though depending mainly upon -endosmose.

Mohl has shown that while the cells of the stomate themselves act so

as to open the stomate in moist weather and close it in dry, the
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adjacent cells of the epidermis, or skin enveloping the leaf, in swelling

when moist, tend to close the storaate, and their contraction when dry

to open it ; so that the actual state of the stomate at any one time is

the resultant of nicely adjusted opposing forces, and thus is secured

a self-regulation of the apparatus far more efficient than could be

secured in any laboratory of man, though an attendant were stationed,

hydrometer in hand, ready to close partially or entirely, or to reverse

such action in the ventilators of the evaporating chambers exactly in

regard to time and extent as the ever-varying state of the process of

evaporation in the chamber and state of the atmosphere might render

desirable.

But further, it is possible that in some cases, under peculiar

conditions or circumstances, it might happen that more moisture

might be evaporated than was conducive to the vigorous vitality of

the plant—in other words, the process of evaporation might go too

far—and we fmd that provision against this exists in many leaves,

in the existence of hairs which by endusmosic action can imbibe

additional moisture.

These hairs are always more numerous on the back of the leaf than

on the face, which in some plants is entirely devoid of them, though

the back be densely covei-ed with them ; and they may be found in

some plants to be always at the junction of veins in the back of the

leaf, as if designed only to act when it should become manifest that

surplus water which might happen to be retained in one of these

would not suffice to counteract a deficiency in the other.

Such is the beautifully-simple self-regulating ventilating-evaporating

apparatus in the leaf of a plant.

In the absorption of moisture by the spongioles of the rootlets, the

ascent of the sap, and the evaporation of excess of moisture after the

elaboration of the milk sap, we see some of the principal phenomena

of vegetation on which meteorological effects of forests depend.



CHAPTER II.

On the Quantity op Moisture Evaporated through the Stomates

OP Leaves.

On results obtained by observation and calculation in regard to the

quantity of moisture evaporated through the stomates of leaves a

considerable difference of opinion exists.

Remarking on the results arrived at by observations of Schleiden,

Pfaff, and others, Marsh says,
—" Allowing two hundred days for the

period of forest vital action, the wood must, according to Schleiden's

position, exhale a quantity of moisture equal to an inch and one-fifth

of precipitation per day ; and it is hardly conceivable that so large a

volume of aqueous vapour, in addition to the supply from other

sources, could be diffused through the ambient atmosphere without

manifesting its presence by ordinary hygrometrical tests much more

energetically than it has been proved to do ; and in fact the observa-

tions recorded by Ebermeyer show that though the relative humidity

of the atmosphere is considerably greater in the cooler atmosphere of

the wood, its absolute humidity does not sensibly differ from that of

the air in open ground. The daily discharge of a quantity of aqueous

vapour corresponding to a rainfall of one inch and a fifth into the cool

air of the forest would produce a perpetual shower, or at least a drizzle,

unless, indeed, we suppose a rapidity of absorption and condensation

by the ground, and of transmission through the soil to the rootlets

and through them and the vessels of the tree to the leaves, greater

than have been shown by direct observation."

Cezanne, also, writing in regard to the action of vegetables as

"veritable alembics, which distil into the air a certain quantity of

water which their roots have drawn up from the soil," says,

—

" The Marshal Vaillant put a branch of an oak like a bouquet into

a vase full of water ; he measured the water lost through its leaves

and he considered himself enabled to conclude that the tree from which

this branch had been detached would be emitting into the atmosphere

in twenty-four hours upwards of two thousand kilogrammes of water.*

"Revue des Eaux et Forels," July 18G5 and June 1867.
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But this experiment has not satisfied all others. First of all, the

branch thus treated died in three days ; and then, even if it had lived

longer, it might have been said that the vegetable cut off from the

nourishing sap may have been able to absorb more than its usual

ration of clear water. It was in the situation of an animal deprived

of substantial aliment, which availed itself of pots of weak bouillon,

and yet died of hunger. And, moreover, the experiment has been

repeated not with a branch but with a young tree deprived of its

roots, and the evaporation proved to be very insignificant."

But whatever may be said of such experiments, and of calculations

founded on them, we have other means of testing the quantities of

water passing through trees in the process of their growth ; and we

find they must be far from inconsiderable. I have cited one state-

ment by Marsh, with this I cite also the following :

—

" The amount of sap which can be withdrawn from living trees

furnishes, not, indeed, a measure of the quantity of water sucked up

by the roots from the ground—for we cannot extract from a tree its

whole moisture—but it supplies numerical data which may aid the

imagination to form a general notion of the powerful action of the

forest as an absorbent of humidity from the earth.

" The only forest tree, known to Europe and North America, the

sap of which is largely enough applied to economical uses to have

made the amount of its flow a matter of practical importance and

popular observation, is the sugar maple, Acer saccharinum of Anglo-

American Provinces and States. In the course of a single ' sugar

season,' which lasts ordinarily from twenty-five to thirty days, a sugar

maple, two feet in diameter, will yield not less than twenty gallons of

sap, and sometimes much more. This, however, is but a trifling

proportion of the water abstracted from the earth by the roots during

this season ; for all the fluid runs from two or three incisions or

augur holes, so narrow as to intercept the cuirent of circulation of

comparatively few of the sap vessels, and, besides, experience shows

that large as is the quantity withdrawn from the circulation, it is

relatively too small to affect very sensibly the growth of the tree.

The number of large maple trees on an acre is frequently not less than

fifty, and, of course, the quantity of moisture abstracted from the soil

is measured by thousands of gallons to the acre. The sugar orchards,

as they are called, contain also many young maples too small for

tapping, and numerous other trees—two of which, at least, the Black

Birch, Betnla lenia, and Yellow Birch, Betula excelsa, both very

common iu the same climate and far more abundant in sap than the
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maple—are scattered among the sugar trees ; for the North American

native forests are remarkable for the mixture of their crops.

" The sap of the maple aud of other trees with deciduous leaves,

which grow in the same climate, flows more freely in the early spring,

and especially in clear weather, when the nights are frosty and the

days warm ; for it is then that the melting snows supply the earth

with moisture in the justest proportion, and that the absorbent

power of the roots is stimulated to its highest activity."

In foot notes he adds :

—" Emerson (iu his Trees of Massachussets,

p. 493), mentions a maple, six feet in diameter, as having yielded a

barrel, or 31^ gallons of sap in 24 hours, and another, the dimensions

of which are not stated, as having yielded one hundred and seventy-

five gallons in the course of the season. The Cultivator, an American

Agricultural Journal, for June 1842, states that twenty gallons of sap

were drained iu eighteen hours from a single maple, two and a-half

feet in diameter, in the town of Warner, New Hampshire ; and the

truth of this account has been verified by personal enquiry made on

my behalf. This tree was of the original forest growth, aud had been

left standing when the ground around it was cleared. It was tapped

only every other year, and then with six or eight incisions. Dr

Williams (History of Vermont, p. 91), says,
—

* A man much employed

in making maple sugar, found that, for twenty-one days together, a

maple tree discharged 7| gallons per day.*

" An intelligent correspondent, of much experience in the manufac-

ture of maple sugar, writes me that a second growth maple, of about

two feet in diameter, standing in open ground, tapped with four

incisions, has for several seasons generally run eight gallons per day

in fiiir w^eather. He speaks of a very large tree from which sixty

gallons were drawn in the course of a season, and of another, some-

what more than three feet through, which made 42Bb of wet sugar,

and must have yielded not less than 150 gallons.

" The same correspondent informs me that a Black Birch, tapped

about noon with two incisions, was found the next morning to have

yielded sixteen gallons. Dr Williams (History of Vermont, I. p. 91)

says,
—

* A large birch, tapped in the spring, ran at the rate of five

gallons an hour when first tapped. Eight or nine days after, it was

found to run at the rate of about two and a-half gallons an hour, and

at the end of fifteen days the discharge continued in nearly the same

quantity. The sap continued to flow for four or five weeks, and it

was the opinion of the observers that it must have yielded as much

as sixty barrels [1890 gallons]."
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These observations may give some idea of the quantity of moistnre

taken up by the rootlets of trees.

Such is a report of facts ascertained in regard to the maple. It

does not follow that an equal quantity of moisture is raised by every

kind of tree ; but it may be said a corresponding quantity is, by every

one, or a quantity which may be spoken of as something like an

approximation to this. And though the fact has not, so far as I

know, been tested by exact observation, it is probable that the greater

portion of the moisture thus raised from the ground by plants,

whether arborescent or herbaceous, is by many of them passed into the

atmosphere by the stomates of the leaves—succulent plants with few

stomates being the exception—and that a portion, and it may be a

large portion, of the remainder passes into the soil by the process of

cxosmose by which the circulation of sap in the plant is effected,

but returns to the soil only to be again taken up by the rootlets of

the same, or of some other plant, when it has been relieved of some

of the residuary matter with which it returned charged, and has taken

up a return load of nutriment ; but the probability that the quantity

thus retui'ned to the soil bears but a small proportion to the quantity

passed into the atmosphere may be demonstrated by an observation

of the process referred to.

To some one charged with the watering of flowers, and who finds

the charge a burden, it may have occurred that he seemed to have

to supply far more water than could be employed in the structure of

the plant, that some, such as the balsam, seemed to require a fresh

supply morning, noon and night to keep them growing, and that to

planted cuttings and transplanted plants he could scarcely give too

copious a supply, and unless he had trimmed them by removing some

of the leaves scarcely would what he gave have sufficed : now perhaps

it may be understood why all this was necessary, and how the diminu-

tion of the foliage helped the growth of the plant when the supply

of moisture might otherwise have been inadequate to its maintenance

in life.
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Disputed and Secondary Phenomena op Vegetation.

Besides the phenomena of vegetation which have been detailed

there are other alleged phenomena, the import of which is more open

to question : amongst these may be reckoned the absorption of mois-

ture by the leaves of plants, the production of water by the plants

themselves, and the dropping of water from the leaves of certain

trees.

Sect. I.

—

On the Absorption of Moisture hy the Leaves of Plants.

It is a prevalent opinion that moisture is absorbed by plants by

their leaves. I scarcely open a popular treatise on the subject in

which I do not meet with it ; but I have met with no evidence that

this is a normal action of leaves, excepting to a very limited and

easily defined extent. Abnormal action of leaves absorbing moisture

would prove as little as the abnormal absorption of moisture and

nutriment into the human frame by enemas and baths; and the absorp-

tion of moisture by gigantic algae over the whole sui-face of their stalks

and their fronds proves as little. But this cannot be said of experi-

ments which have been made on the growth of epiphytes and of

mundane plants, which have grown and flourished when freed of all

soil; or of trees growing naturally and at the same time luxuriantly

on narrow ridges, on steep declivities, on partially decayed stumps

many feet above the ground, on walls of high buildings, and on rocks,

in situations where the earth within reach of their roots could not

possibly, it is alleged, contain the tenth part of the water which,

according to Schleideu and PfafF, they evaporate in a day. There

are, too, forests of great extent on high bluffs and well-drained table-

lands where, it is said, " there can exist neither in the subsoil nor in

infiltration from neighbouring regions an adequate source of supply

for such consumption."

These are facts established beyond all question ; but in regard to

what seems to be the natural conclusion, that in such cases the mois-
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ture must have been absorbed by the leaves, I may remark that this

appears to me to be a non-sequitur / aad the burden of proof rests on

those by whom it is advanced.

In regard to the general opinion that moisture is absorbed by the

leaves of trees I may state that I believe this to be the case where

leaves are covered more or less densly with hairs, which are highly

hygroscopic, and which appear to be organs well fitted for the accom-
,

plishmeut of such a function, and are often placed as if such were

their function in given conditions ; and further, that to some extent

moisture may have been absorbed by endosmose where a deposit of

what may be called a secretion on the surface of the leaf gives some-

thing like an indication of this having occurred, but that the effect of

this must be small.

I have no testimony to the alleged absorption of moisture to an

appreciable extent by leaves having been observed ; and on the other

hand I have testimony on which I can rely that in South Africa there

are fig trees growing on rocks, over which the roots spread like

solidified molten lava or rosin, dipping down into every crevice and

spreading onward to the earth beyond ; and in the absence of evidence

of extensive absorption by leaves I consider it more probable that the

moisture is absorbed by such roots than by the leaves of the tree,

and the conclusion justified in such cases suggests the conclusion that

so may it be in others.

Sect. II.

—

On the Production of Water by Plants.

Amongst trees brought under my consideration in Africa by the

late Mr James Chapman—a man of careful observation who travelled

extensively throughout the whole region from Walfish Bay to the

Victoria Falls of the Zambesi and thither from Natal, traversing in

various directions the country intermediate between the region thus

indicated and Table Bay at the Cape of Good Hope—was the Kusche,

a large tree with a smooth dark grey-coloured bark and dark-coloured

oblong leaves, in the heart of the trunk of many of which is found a

large reservoir of water. From the description given to me, the tree

appeared to be the Millettia Caffra, known elsewhere in South Africa

as the Oomzambeete, or Kaffir Iron wood.

Mr Chapman first saw this tree when he and his companions were

suffering from thirst. Observing one of his native servants placing

forked boughs against a tree and preparing to climb, he asked what

he was going to do. '' Look for water/' was the reply. The man

^
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having mounted, cried " Here it is." The hard wood had decayed,

leaving a very deep hole, which was almost closed at the top,

apparently by the spreading arch of subsequently formed bark. One

of the companions of the man cutting then a twig or shoot from the

root, cut through the bark of this at two places two feet or thirty

inches apart, treated this as boys in Europe treat bi-auches of alder,

of which they wish to make whistles, beating and pressing it ; and

drawing out the wood, like drawing a sword from its sheath, he

handed up the bark to the man aloft, who, using this as a suction-

pipe, soon quenched his thirst, and made way for the others in

succession to do the same.

Frequently did Mr Chapman while travelling avail himself of the

supply of water thus retained.

Between the Victoria Falls of the Zambesi and Daka these trees

are found in clusters, sometimes 10 feet in circumference, and of

a much greater height than the other trees of the forest-country

around. They generally grow in clumps, in the higher portions of

the country.

Similar supplies of water are found in the Pitcher Plant, and several

other herbaceous plants of somewhat similar structure ; and in the

Teazel, the JJij^sacus fullonum, a quantity of water is often found in

the cup-like receptacle formed by the opposite leaves embracing

the stem.

In more than one of these cases the water may possibly be only

rain-water collected and retained, and in the other cases it may be

elaborated sap, the water of which was derived from the soil ; but

even were such cases thus disposed of, the question has been raised

and awaits an answer—May not water be a secretion of plants

themselves 1

I have intimated or stated explicitly what are my views in regard

to the source of the great bulk of the moisture passed into the atmos-

phere by the stomates in the leaves of vegetable production • but I

know of nothing incompatible with the supposition of a portion being

added from the combination of oxygen and hydrogen, meeting in a

nascent condition in the process of chemical changes accompanying

vegetation.

Water is a product of the combustion of wood, and of coal, of oil

of tallow, and of gas ; it is a product of respiration in man and many
other animals, and may be obtained deposited by their breath ; and

there are lower forms of animals by which it is produced, and that,
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in proportion to their size, mucli more abundantly. The question,

Whence is this obtained 1 has been raised oftener than once.

Dr Livingstone, in describing a severe and long-continued drought

at Kolobeng (the mission station occupied by him before he entered

on his journeyings in the interior), a drought daring which " needles

lying out of doors for months did not rust, and a mixture of sulphuric

acid and water, used in a galvanic battery, parted with all its water to

the air instead of imbibing more from it, as it would have done in

England," says,
—" The leaves of indigenous trees were all drooping,

soft and shrivelled, though not dead; and those of the Mimosse were

closed at mid-day, the same as they are at night. In the midst of

this dreary drought, it was wonderful to see those tiny creatures the

ants running about with their accustomed vivacity. I put the bulb

of a thermometer 3 inches under the soil in the sun at mid-day, and

found the mercury to stand at 132° and 134°; and if certain kinds

of beetles were placed on the surface they ran about a few seconds

and then expired ; but this boiling heat only augmented the activity

of the long-legged black ants." And having raised the question,

"Where do these ants get their moisture?" he proceeds,—"Our house

was built on a hard ferruginous conglomerate, in order to be out of

the way of the white ant, but they came in despite the precaution
;

and not only were they, in this sultry weather, able individually to

moisten soil to the consistency of matter for the formation of galleries,

which in their way of working is done by night (so that they are

screened from the observation of birds by day in passing and repassing

towards any vegetable matter they may wish to devour), but when

their inner chambers were laid open these were also surprisingly

humid
;
yet there was no dew, and the house being placed on a rock

they could have no subterranean passage to the bed of the river,

which ran about 300 yards below the brow of the hill. Can it be

that they have the power of combining the oxygen and hydrogen of

their vegetable food by vital force so as to form water ?"

A still more remarkable case is mentioned by Dr Livingstone.

Writing from Golungo Alto Angola, on the west coast, lat. 91° S., he

says,
—" Before leaving I had an opportunity of observing a curious

insect which inhabits trees of the fig family (Ficus), upwards of

twenty species of which are found here. Seven or eight of them

cluster round a spot on one of the smaller branches and there keep

up a constant distillation of a clear fluid, which, dropping to the

ground, forms a little puddle below. If a vessel is placed under

them in the evening it contains three or foui* pints of fluid in the
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morning. . . To the question, Whence is this fluid derived ? the

people reply that the insects suck it out of the tree, and our own

naturalists give the same answer. I have never seen an orifice, and

it is scarcely possible that the tree can yield so much. A similar, but

much smaller homopterist insect, of the family Cercopidce, is known

in England as the frog-hopper (A2)hrophora spumaria) when full-

grown and furnished with wings ; but while yet in the pupa state it

is called ' Cuckoo-spit,'' from the mass of froth in which it envelopes

itself. The circulation of sap in our climate, especially in the

Graminacese, is not quick enough to yield much moisture. The

African species is five or six times the size of the English. In the

case of branches of the fig-tree, the point the insects congregate on

is soon marked by a number of incipient roots, such as are thown out

when a cutting is inserted in the ground for the purpose of starting

another tree. I believe that both the English and African insects

belong to the same family and difi'er only in size, and that the chief

part of the moisture is derived from the atmosphere. I leave it for

naturalists to explain how those little creatures distil, both by night

and day, as much water as they please, and are more independent

than Her Majesty's steam- ships, with their apparatus for condensing

steam, for without coal their abundant supplies of sea water ai'e of no

avail. I tried the following experiment :—Finding a colony of these

insects busily distilling on a branch of the Riciiius communis, or

castor-oil plant, I denuded about 20 inches of the bark, on the tree

side of the insects, and scraped away the inner bark so as to destroy

all the ascending vessels. I also cut a hole in the side of the branch,

reaching to the middle, and then cut out the pith and internal

vessels. The distillation was then going on at the rate of one drop

each 67 seconds, or about 2 ounces 5|^ drams in 24 hours. Next morning

the distillation, so far from being affected by the attempt to stop the

supplies, supposing they had come up through the branch from the

tree, was increased to a drop every 5 seconds, or 12 drops per minute,

making one pint (16 ounces) in every 24 hours. I then cut the

branch so much that during the day it bi'oke ; but they still went on

at the rate of a drop every five seconds, while another colony on a

branch of the same tree gave a drop every 17 seconds only, or at the

rate of about 10 ounces 4| drams in 24 hours.

" I finally cut off the branch ; but this was too much for their

patience, for they immediately decamped, as insects will do from

either a dead branch or a dead animal, which Indian hunters soon

kuow when they sit down on a recently killed bear. The presence
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of greater moisture in the air increased the power of these distillers

;

the period of greatest activity was in the morning, when the air and

everything else was charged with dew.

" Having but one day left for experiment I found again that

another colony on a branch denuded in the same way yielded a drop

every two seconds, or 4 pints 10 ounces every 24 hours^ while a

colony on a branch untouched yielded a drop every 1 1 seconds, or

16 ounces 2^^ drams in 24 hours. I regretted somewhat the

want of time to institute another experiment, namely, to cut a branch

and place it in water, so as to keep it in life, and then observe if there

were any diminution of the quantity of water in the vessel. This alone

was wanting to make it certain that they draw water from the atmos-

phere. I imagine that they have some power of which we are not

aware besides that nervous influence which causes constant motion to

our own involuatary muscles, the power of life-long action without

fatigue. The reader will remember, in connection with this insect,

the case of the ants already mentioned."

The same question is taken up by Sir J. E. Tennant, in writing of

what he had observed at Ceylon.

" Entomologists," says he, " have raised the interesting question,

Where do the termites, or so called white ants—though of another

genus than the common ant—where do they derive the large sup-

plies of moisture with which they not only temper the clay for the

construction of their long-covered ways above ground, but for

keeping their passages uniformly damp and cool below the surface 1

Yet their habits in this particular are unvarying—in the seasons of

drought as well as after rain, in the dryest and least promising

positions, in situations inaccessible to drainage from above, and cut

off by rocks and impervious strata from the springs below. Dr

Livingstone, struck with this phenomena in Southern Africa, asks

—

Can the white ants possess the power of combining the oxygen and

hydrogen of their vegetable food so as to form water? And he

describes at Angola an insect resembling the Aphropkora spumaria,

seven or eight individuals of which distil several pints of water every

night. It is highly probable that the termites ai'e endowed with

some such faculty. Nor is it more remarkable that an insect should

combine the gases of its food to produce water, than that a fish

should decompose water to provide itself with gas. Fourcroix found

the contents of the air-bladder in a carp to be pure nitrogen ; and

the aquatic larvse of the dragon-fly extracts air for its respiration,

from the water in which it is submerged. A similar mystery per-
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rades the enquiry—Whence plants, under peculiar circumstaucea,

derive the water essential to vegetation V

The constituents of water are oxygen and hydrogen ; the con^

stituenta of ammonia are hydrogen and nitrogen ; the constituents of

carbonic acid are carbon and oxygen ; and the principal constituent

of atmospheric air are nitrogen and oxygen ; with these is combined

or intermixed carbonic acid ; carbonic acid and ammonia are likely to

be absorbed largely by water, and so carried into the plant ; carbon is

fixed, being the principal constituent of wood, and thus oxygen is set

free; a smaller quantity of nitrogen is fixed, but enough to indicate a

decomposition of ammonia to have taken place ; and it is not un-

reasonable to suppose that all the ammonia taken up by the plant

may have been decomposed, the nitrogen combining with oxygen, set

free by the decomposition of the carbonic acid yielding material for

the woody structure, and appearing as atmospheric air, and the

hydrogen combining with oxygen and forming water.

With legard to the second statement by Dr Livingstone, I would

require to be in possession of much more information than I am
to enable me to form an opinion on the subject ; but I may state

that I find nothing in the narrative incompatible with the supposition

of the moisture in this case having been obtained from the tree ; and

I avail myself of the interest which such a narrative may have

excited to direct attention to the similar copious supplies of moisture

flowing from leaves and from incisions in the trunks of trees.

Sect. III.—On the Dropping of Water from the Leaves of certain Trees.

Of the dropping of water from trees there are numerous instances

;

but while in some of the more remarkable cases the popular opinion

is in favour of the supposition that this was one of the primary

phenomena of their growth, the consideration of the conditions under

which it occurs leads to the conclusion that it is one of the secondary

eflfects of vegetation.

I have spoken of some of the more remarkable cases. In an old

work, entitled Historia de la Conquista de las siete islas de Gran

Canaria de Jiian de Abreu Gal indi, published in 18.32, at page 47,

mention is made of a celebrated laurel, in Ferro, which is said to

have furniehed drinkable water to the inhabitants of the island.

According to the statement, every morning the sea breeze drove a

cloud towards the wonderful tree, which attracted it to its huge top,
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and the water flowing from its foliage uninterruptedly, drop by drop,

was collected in cisterns,

I have met with a similar account of a tree to the east of Tocat in

Asia-Minor, visited by the Rev. Mr Van Lennep, and described by

him. Mr Lennep is said to be well-known as a competent observer.

In the case mentioned first there is the explicit statement that

" Every morning the sea breeze drove a cloud towards the wonderful

tree." And there is nothing in any of the statements I have seen

relative to these phenomena inconsistent with the supposition that

they may have been produced by the deposition of moisture on the

surface of the leaves, irrespective of the source whence the moisture

was obtained.

Dr Wells, in an essay on Dew,—a little work which, according to

Sir John Hersche], desei-ves to be considered as a model of experi-

mental enquiry,—was the first to place in a clear light the nature of

the process of dew formation. According to his views, as epitomised

by Sir John Herschel, " The chief facts to be accounted for are these :

1. Dew (as distinguished from small rain or moisture produced by

visible fog) is never deposited except on a surface colder than the air.

2. It is never deposited in cloudy weather ; and so strict is its con-

nection with a clear sky that its deposition is immediately suspended

whenever any considerable cloud passes the zenith of the place of

observation. 3. It is never copiously deposited in a place screened

or sheltered from a clear view of the sky, even if the screen be of very

thin material, such as muslin or paper suspended over it. 4. It is

most copiously deposited on all such leaves as are good radiants and

had conductors of heat, such as grass, paper, glass, wood, «fec., but

little or not at all on had radiants, such as polished metals, which are

also good conductors. And lastly, it is never deposited if there is

much wind. All these circumstances, as Dr Wells has shown, point

to the escape of heat from the bodies exposed by radiation out into

space, or into the upper and colder regions of the air, faster than it

can be restored by counter-radiation, or by conduction, from contact

with the warm air—or with solid substances—the wind acting in this

respect with great efficiency by continually removing the air in con-

tact. Hoar frost differs only from dew by being frozen in the

moment of deposition, and therefore accreting in crystalline spiculse."

It may have been observed that tufts of grass and other herbage

are often covered with dew-drops in the early morning, or with hoar

frost if it be winter, though the ground be not so ; and it may have

been observed that heavy drops of water fall from a tree in a fog
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though not a drop of rain may be seen to fall beyond it. The

phenomena may be similar.

The temperature of the human body, as ascertained by a thermo-

meter with its bulb placed in the shoulder-pit or under the tongue,

is within a very limited range—when the man is in a state of health

—

the same in the Arctic regions and in the tropics, and the degree

known as blood-heat is as stable as is the boiling point of water.

Scarcely less stable is the freezing point of water or the freezing

point of mercury. It is something similar with trees. According to

experiments made by Meguscher, in Lombardy, and results of these

recorded in Memoria sitr Boschi della Lomhardia, and cited by Marsh,

trees maintain at cdl seasons a constant mean temperature of 54° Fahr.

Observations which have been recorded by others have made it

appear questionable whether a tree does resist the cooling process

induced by external cold, but I know not of any question having been

raised in regard to its counteracting the effects of external heat of

a higher temperature than its own. This seems to be generally

admitted. In the animal this resistance is effected by evaporation;

in the vegetable it is probable it is effected by the same means, or by

evaporation and radiation combined. The subject will again come

under consideration, when it may be discussed at greater length.

I have called attention to the dew and hoar-frost being seen on

the grass and herbage at early morn. In hygrometry mention is

frequently made of the dew-point : this is the temperature at which

the air is exactly saturated with the quantity of moisture it contains,

any fall from which would occasion a deposit of all that was in excess

of what exactly saturates the air at the lower temperature. In

accordance with observation, and with reasoning on the subject, the

dew-point is frequently the same as the lowest temperature of the

night ; and the lower temperature of the grass and herbage, con-

sequent on radiation from their surface, occasions a deposit of dew-

drops in the same way as a glass of cold water, by lowering the

temperature of the air adjacent to it, is in like manner bedewed.

According to the observations of Meguscher, whenever the temper,

ature of the air is above 67° degrees Fahr., the temperatui-e of the

tree will be, to the extent of the excess, lower. If the temperature of

the atmosphere be 90°, and the dew-point 75°, there will be a copious

deposit of dew ; and if the lower temperature be the consequence of

radiation the deposit may be expected to take place over the whole of

the upper surface of the leaves, these in the aggregate, according to
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the statemeut of Humboldt, measuring several thousand times the

area of the gi'ouud they cover. And there should be as little to

startle one in finding dew-drops falling from a tree while the sky

i.s cloudless and serene, as in finding melted hoar-frost dropping

when the sun has arisen vipon the tree in winter.

But in the case of the laurel at Ferro it is expressly stated, " every

morning the sea breeze drove a cloud towra-ds the wonderful tree,

which attracted it to its huge top." Such were the phenomena, and

the explanation which suggests itself is more simple. In regard to

fog or mist—and a cloud is only a form of this—Sir John Herschel*

in the treatise from which I have already quoted, says,—" The foim

in which the moisture so precipitated first appears will necessarily be

that of very minutely-divided particles, which, however, having the

refractive power of water, reflect and refract light as such, and appear

therefore as a mist, fog, or cloud of greater or less density and opacity,

according to the amount precipitated in a given volume. It is a

favourite dogma with many meteorologists that the particles so pre-

cipitated assume the form, not of drops, but of hollow spheres or

bubbles, De Saussure states that he has seen such, floating before his

eyes in clouds and fogs on the Alps, and the dusty appearance of the

vapour floating over a cup of coff'ee in the sunshine is adduced in

illustration. The strongest argument adduced in their favour, however

(for there is great room for optical illusion in such matters), is that

adduced by Kratzenstein, that the sun striking on a cloud or fog

produced no rainbow, which it ought to do were the water collected in

spherical drops. This argument does not admit of a ready answer ;

but the difficulty, on the other hand, of conceiving any possible mode

in which such bubbles can be formed disposes us to believe that the

extreme minuteness of the globules may be found to afi'ord one, their

diameter being of an order comparable with the breadth of the

luminiferous undulation,"

Thus wrote Herschel in the ai'ticle in the EncyclopEedia. To the

second edition of the article, published as a volume in 1861, he added

in one foot-note that he had never himself seen such a phenomenon as

was spoken of by Saussure, and that he had questioned Alpine excursion-

ists of far more extensive experience than his own, with a like negative

reply. And in a second foot-note he says,
—" On the Newtonian

doctrine of fits of easy transmission and reflection, or (which comes to

the same thing) on the hypothesis of light consisting in rotating cor-

puscles with attractive and repulsive poles, there would be no difficulty

of the kind [mentioned in the text]. A globule, or a poi'ticle of water
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of any other form, whose greatest linear diameter did not exceed the

thickness of that centi-al spot in a soap bubble which reflects no light,

would be equally non-reflective, and therefore incapable of forming a

rainbow. In the undulating theory, however, it is the parallelism of

the surfaces of the film of which that central spot consists which

renders it non-reflective. I suspect, however, that in the case con-

templated in the text that theory, carefully re-examined, would render

a somewhat different account of the singular abruptness of transition

from the most brilliant reflexion to an almost absolute extinction of

the reflected ray, and of the uniformity over large areas of a thin film

of the still remaining fraction of the incident light which it doe$

reflect, than that usually given."

Of the undulatory theory of light I shall have occasion, in a sub-

sequent part, to treat at some length.

Whatever may be the form of the cloud particles, be they drops or

bubbles, they are in the cloud or mist so far apart—and are kept

apart by conflicting attractions, exercised by all upon each and by
each upon all—that it is long before multitudes coalesce to form rain-

drops, and a slight rise of temperature may lead to their being again

absorbed by the air without their falling to the groimd; but the

particles deposited on the leaves, brought into closer proximity, and in

many cases contact, rush into each other like drops of quick-silver,

and the attraction towards the earth becoming greater than the

attraction of adhesion they fall from the leaf to the ground. And
thus may the dropping reported have been occasioned.

In passing through a fog the moisture collects like dew-drops on the

hair, the whiskers, the eye-brows, and even on the eye-lashes, and on

every projecting filament of wool in the clothes ; and so is it also

with the cloud or mist surrounding a tree, or borne through the

interstices of its twigs by the wind, the minute drops collect upon

its leaves. And I presume the fact has only to be mentioned to

recall to some of my readers that in a mist they have seen heavy

drops falling from foliage while there was no rain.

I find some pertinent observations on this point in a work entitled

" The Climate and Resources of Madeira," by Dr Graham, a work
which I shall afterwards again have occasion to quote. The author

remarks,—" The power of trees upon mist is very great. Where
there are no trees, the cloud drives along, depositing little or no
moisture. But trees largely intercept mist ; and the small component

vesicles of water coalesce upon the leaves and branches, and fall in

drops of water upon the earth. The mists form, whether there be
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trees or not ; but the water is strained out and saved by the forest

foliage." He says, " I have watched with much interest for the com-

mencement of dripping, in reference to the pre-eminence of certain

kinds of foliage in powers of condensation. The pine trees invariably

begin first, the rough brush-like clusters of leaves being well adapted

to intercept the smallest particles of moisture. The yield of water

from this source is very great. The laurels extract water plentifully

from mists which are more sensibly damp."

Dr Graham further states that,
—" In one of the Canary Islands,

the people show the place where, at the head of a deep valley, stood

a fine solitary til tree, which daily used to strain a large quantity of

water from the humid mist, conveyed inland by the sea breeze.

The tree is mentioned by Cordeyro and subsequent writers. But

both the spring of water and the tree are now gone ; and the mists,

though they still remain, pass over unstrained of their moisture."

The difference noted by Dr Graham in the effect of different kinds

of trees may be attributed in some cases—in others if not in those

mentioned by him—in some measure, First, to differences in the

number of stomates through which the evaporation from the leaves

of the tree itself is effected. These vary in different plants from a few

to 160,000 or more in the square inch of surface. The number in

the leaves of the cherry-laurel is 90,000 in every square inch on the

back of the leaf. In such state of atmosphere as is specified by

Dr Graham, every stomate would probably be distended, an atmos-

phere of dense moisture would surround the tree and this precipitated

by a fall of temperature might in part create the supply.

The difference may be attributable, in some measure. Secondly, to

differences in the extent of the radiating surface, supplied by the

leaves, whereby the temperature might be effected. This is much

greater in the foliage of a pine tree than in the herbage of a laurel.

And the difference between the effect produced by the laurel and

other trees may be attributable, in some measure, to difference in

the attraction of adhesion between water and the leaf. From the

glossy surface of the laurel leaf the moisture deposited might run off

quickly, while to the leaves of other trees it might cleave, as if loathe

to shake itself free, and adhere tiU again evaporated, or till it fell in

drops undistinguishable from the rain, when this began to di*izzlp.

In all such cases as have been mentioned, whether fog be visible

or it be otherwise, the precipitation and consequent dripping is

attributable to the temperature of the atmosphere surrounding the

tree being below the dew-point, and the moisture contained iu it
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there being in excess of what saturates it, in accordance with the

elements by which that dew-point is determined. These are ascer-

tained by observation of the difFei'ence of temperature indicated by a

wet and a dry bulbed thermometer, of the barometric pressure, and

of the elastic force of the vapour at the temperatures, and under

such pressure. The elements are numerous, but the formula of

calculation simple, and copious tables for facilitating this have been

published.

In regard to the effects of different trees, I find it stated by a

writer on the subject, in " The Farmers' Magazine," Mr Cuthbert W.
Johnstone, that " the dew under some large oak trees, by the side

of his bowling green, at Croydon, is always considerable of an

evening ; but that under a witch-elm growing by their side the dew is

almost always absent." In Europe, generally, it has been found that

the most copious humidity or moisture has been produced by the

elm, and, in decreasing order, by the poplar and horse-chestnut, while

the least effect is produced by firs.



PART II.

Effects of Forests on the Humidity of the Climate.

Chap. I.

—

Immediate Effects of Forests on the Humidity

OF THE Atmosphere.

There is a wide-spread opinion that forests attract clonds and rain,

and a similar effect is attributed to mountains. The facts which have

been adduced may enable us satisfactorily to account for the pheno-

mena upon which the former opinion is founded ; and with the

explanation thus supplied we may be enabled also satisfactorily to

account for the latter. The phenomena referred to may be stated

generally to be these : forests and mountains are frequently seen

surmounted by clouds, stationary or passing over them, when few or

none are seen elsewhere in the heavens ; and, though it may be an

unwaiTantable conclusion that they have been attracted thither, it

does not excite surprise that this conclusion has been drawn from the

phenomena observed. In the case of forests we knov?, however, of

no kind of attraction exercised by them which could produce this

effect ; the effect can be accounted for satisfactorily in accordance

with the phenomena of vegetation which have been under consider-

ation ; and in these circumstances it is reasonable to conclude that

these supply the correct rationale of what is seen. Of this a simple

exposition can be given, and one not less simple can be given of the

similar phenomena in the case of the mountains ; and the exposition

of the former supplies at the same time the means of accounting for

the proverbial dampness of houses overshadowed by trees, or situated

in close proximity to woods.

The meteorological effects of trees and forests may be apparently

paradoxical, and accounts of them conflicting and contradictory ; but

if instead of acting on the principle of cutting the knot we act on

the principle of unloosing it we may find that all facts observed and

reported are consistent with each othei', and that many of them can

be accounted for satisfactorily in accordance with what is known of

operations patent to all. If, instead of attempting the reconciliation



DAMPNESS NEAR WOODS. 3'9

of conflicting theories, we study the facts separately ond apart,

we may find that, when all is done, there are no conflicting views to

reconcile ; and this I shall endeavour to do, stopping at any point

when lack of information renders further advance hazardous.

Sect. I.

—

On the Humidity of the Atmosphere in the Vicinity of Trees,

indicated by the Dampness of Houses overshadowed by Trees,

or sittiated in dose proximity to a Wood.

It is matter of common observation that houses closely surrounded

with trees are damp. Oftener than once have I heard a sufferer from

rheumatism told, You must get your husband to cut down that tree

overshadowing the house, or you will never be well.

There may be nothing injurious in damp itself, but in evaporation

damp induces cold, and cold may be injui'ious to the human frame;

damp, moreover, is conducive to the decomposition of dead organic

matter; the products of vegetable decay or decomposition tend to

produce ague, intermittent fever, rheumatism, neuralgia, and tooth-

ache ; and in the absence of appliances for determining the hygro-

metric condition of the atmosphere, the frequent occurrence of such

maladies may be considered indicative of the existence of the moisture

to which reference is made.

With the information -nhich has been produced, one need not be

surprised at the dampness of houses so situated. With evaporation

going on continuously, from stomates so numerous in every one of

such a multiplicity of leaves, the quantity of moisture in the air must

be much greater than it is in an open space ; and though the

temperature may be such as to keep it suspended in solution, an

afi&nity for moisture in the material of which the house is built will

attract it thence and keep the w^alls, and the apartment within, damp,

or at least less dry than otherwise they would have been.

The quantity of moisture which clay, bricks, and granite, and other

forms of stone can retain in their structure, while to touch and to sight

they appear to be dry, has been ascertained, and it has been found to

be great ; and some of them not only retain moisture, but absorb

moisture from the atmosphere. I know a noble mansion uninhabit-

able in consequence of the dampness produced by this propei'ty of the

stone of which it is built, I have known a wall to be kept constantly

damp through the attraction of moisture from the atmosphere by the

sand employed in the manufacture of the mortar; and I do not

recollect of ever seeing a house, built of uuburnt brick, perfectly dry,



40 EFFECTS OF F0EEST3 ON HUMIDITY.

—and I have seen hundreds,—the clay having this property in a pre-

eminent degree.

The walls of houses built of such materials, standing in an atmos*

phere kept humid by over-shadowing trees, or trees growing in close

proximity, or even in a proximity not very close, absorb moisture

with which the atmosphere is charged. The moisture transmitted or

permeating it to the inner surface may be evaporated by the heat of

the apartment within, but only to be followed by more and more,

keeping the interior of the house constantly humid. Many have

suffered for years in consequence of taking up their abode in a newly

built house not thoroughly dried. In the case of such a house as I

have referred to, it is never thoroughly dried, the drying process will

go on continuously, or be continuously renewed, for a hundred years

and more, if the house stand as long.

Not a little of the dampness may be attributed to the shade and

the shelter of the trees, and the consequent want of ventilation ; all

which will afterwards come under consideration. What is brought

under consideration at present is the humidity of atmosphere

consequent on the copious evaporation of moisture by the leaves

of trees. Reference has been made to the hydroscopicity of the

walls of houses simply to show that the damp is not produced, but

only transmitted by them; and it must be apparent that, in

like manner, the damp experienced in connection with want of

ventilation with shade and shelter, is damp not produced but

only retained by them. The dampness of houses overshadowed by

trees, or situated in close proximity to a wood, is indicative of

humidity of atmosphere ; and this humidity of atmosphere is

occasioned, in part at least, by the copious evaporation proceeding

from the leaves of the trees.

Sect. II.

—

On Clouds occasionally seen surmounting Woods, while

the Atmosphere around is comparatively Clear.

The clouds occasionally seen over woods, while the atmosphere

around is comparatively clear, are consequent on the condensation of

the humidity occasioned by the evaporation from the leaves.

There is always moisture existing in the atmosphere ; it is reckoned

one of its constant constituents, but it varies in quantity. The quantity

is minute compared with that of the oxygen and nitrogen of the air
;

but it is never absent. There it is, on the highest mountain and in
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the deepest mine ; on the ocean's surface and on the dry land a

thousand miles away.

But, as has been mentioned, while moisture may be found in the

atmosphere eveiywhere, it is not always present in the same quantity

in the same space. In almost any circumstances, but more especially

where there is an unlimited supply of moistui-e, the quantity varies

with the temperature, and varies with the temperature to a very

great degree. According to Sir John Leslie, it doubles with every

rise of twenty-seven degrees of temperature ; and, according to

subsequent observers, it varies to a still greater extent, the doubling

taking place at different intervals, which increase slowly with the

temperature—the mean being 23° 4'—from the freezing point to 100°

Fahrenheit.

According to Leslie's calculation, the air at a temperature of 59° or

60° will hold twice as much as at 32°, or the freezing point ; and at

86° it will hold twice as much again. And, according to later

observers, at 121° it will hold twice as much again, or sixteen times

as much as at 32°, eight times as much as at 53°, or four times as

much as at 75*^.

It is customary to speak of this as the solvent power of the atmos-

phere, as if the moisture were dissolved in the air as sugar may be

dissolved in water ; but it is more in accordance with fact to consider

that as water requires a certain amount of heat to keep it from

passing into a state of ice, so it requires a certain amount of heat to

keep it in a state of vapour and prevent it from passing into a state

of water.

In accordance with this, it happens that if air of a higher temper-

ature, having as much moisture in it as can be sustained in a state of

vapour, be cooled down some degrees, a quantity of moisture, which

can no longer be maintained in a state of vapour, will assume the

form of water in minute drops, and appear as fog, or cloud, or mist

;

but let the temperature be again raised to the same elevation as

before, and this water will again assume the state of vapour, and the

air become transparent, the fog or cloud having melted away. In

illustration of this fact, I may refer to what is seen in the laying of

the cloth on Table Mountain when the south-east wind blows. The

temperature on the top of Table Mountain is lower than that of the

wind blowing over its summit, and the mountain cooling down the

air, a quantity of the vapour intermixed with it is deposited in the

form of a cloud which is blown over the face of the mountain, and

falls, threatening to bury the city below ; but before it can reach
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Cape Town it must pass through an intermediate stratum of air of a

higher temperature than that to which it has been reduced. By this

it has its temperature again raised, and the cloud evaporates and

disappears, followed by continuous masses of cloud, which on reaching

the same level vanish into thin air, leaving no trace behind.

The quantity of moisture passing into the atmosphere from the

leaves of a forest in active vegetation must be considerable. Cal-

culate the number of stomata, or stomates, on a leaf, multiply this

by the number of leaves on a branch, the product by the number of

such branches on a tree, and the product of this by the total number

of trees in the clump, or the total number of trees in the forest, and

the final product will indicate the provision made for evaporation

from the forest. There are similar stomates on every verdant plant

on the dry land ; but the evapoi'ating surface supplied by the leaves,

rising tier above tier, far exceeds in extent that supplied by the

herbage and the grass growing elsewhere ; and in many places these

may be found growing as luxuriantly on the soil of the forest as in

the fields beyond, or perhaps more so, and adding their quota of

evaporation to the evapoi-ation from the trees.

Of the moisture thus raised by the tree, and no longer required

when the sap has been elaborated in the leaf, the air will only take

up what quantity it can, at the temperature at that time and place,

dissolve and hold in solution ; and cases have been cited in which the

excess is so great that the leaves seem to act as alembics, distilling

water which falls in great drops to the ground.

Where this does not take place, what the air dissolves it will hold

in solution so long as the temperature is maintained at the same or a

higher point; bat if the temperature fall below the point at wliich it

can do this, what it cannot sustain as invisible vapour will be

deposited or suspended in the form of mist, or cloud ; and such a

reduction, may follow the setting of the sun, or even the decline of it

in the afternoon and towards nightfall ; or if there come over the

trees a wind in any degree colder than the air in which they are

enveloped, the air is thereby cooled down, and a quantity of the

moisture which it held in solution may be deposited in the form of

fog, or of dew, or of rain.

I'ut this is not all ; we shall afterwards have occasion to consider

more fully the effect of vegetation on temperature, but here it may
be remarked that it will generally be found that the temperature,

both of the earth and of the atmosphere, is lower amidst abundant
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vegetation than in a barren, sterile, stony district, probably by heat

being absorbed and retained in a latent form by the process of

vegetation in the one case, while in the other it is reflected

unchanged. In consequence of this, if a wind in any degree hotter

blow over the district covered with trees, this wind is cooled down

;

its power of holding water in a state of vapour is thereby diminished,

in a geometrical ratio, with every fall of temperature, and a lai'ge

deposit of moisture may follow in the form of dew, of mist, or of rain.

The deposit may be much greater than may seem to be pro-

portionate to the fall of temperature, but a reference to the

observation of Sir John Leslie, and others, that a fall of temperature

from 121*' to 86^, which is not impossible in a semi-tropical countiy,

occasions a deposit of half of the whole of the moisture held in

solution, which is sixteen times as much as could be held in solution

by air at 32'', eight times as much as could be held at 53°, and four

times as much as could be held at 70*^.

In illustration of what deposit of moisture might take place on

such a fall of temperature if the air were nearly saturated, and the

quantity of air so saturated great, I may quote the following descrip-

tive account of one of those storms which frequently relieve the heat

of Bengal, given by Mrs Murray Mitchell, in a volume, entitled

" Indian Sketches of Life and Travel," lately published. The

oppressiveness of the heat is described as such that one's hands
" have a boiled feeling, like a washerwoman's who has been all day

manipulating in the tub." Outside, the sun floods everything with

one white blaze. '' Nature is perfectly still, as if awed ; the leaves

hang limp and parched ; the grass crumples up and disappears ; the

poor birds hide themselves away in any corner where there is a bit of

shade ; there is not even a fly abroad ; all life seems frightened into

quiescence, and mankind—at least the native portion—is asleep." At

such a moment the storm suddenly descends. It is thus described :

—

" Last week we arranged a nice little garden entertainment for our

native friends, and invited some people to meet them. The green

was set with numbers of small tables, covered with cakes, and tea,

and ices, and flowers. Seats of all sorts and bits of carpet were put

down everywhere. Some of our friends had come, and our garden-

party promised to be both pretty and pleasant, when, lo ! Mr Don
said quietly, ' Look there !

' and truly enough a cloud like a man's

hand had risen in the west, and we knew what would follow. Con-

sternation seized us ; we all jumped to our feet ; each one snatclied

up something—chair, table, cups, fruit, everything—and rushed pell-
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mell into the house. Not a moment too soon. The heavens grew

black as ink ; the birds flew in terror to some cover, filling the air

with their screams ; the wind swept past with a low portentous sigh :

and we had hardly our goods and ourselves under shelter, and the

doors and windows secui-ed, when the storm was upon us, and raging

in mad tumult without.

" The air becomes thick with sand, and lurid, like the yellowest of

London fogs ; the wind rises into fury, and the dust is driven hither

and thither as by a whirlwind. The suh seems blotted out, and in

the appalling darkness you see the lightning play and dart, and zig-

zag from heaven to earth, without one moment's intermission. The

thunder comes, not in distinct explosions, and then a pause, but in

one continuous roll of terrific reverberating noise, while the rain

descends with an abandon quite in keeping with the other forces of

the storm. It generally comes in horizontal sheets of water instead

of drops, and is driven by the mighty wind as you have seen seaspray

driven from the wave-tops in showers of foam. A storm like this is

a magnificent spectacle, and its effects are delicious. In a wonder-

fully short time the conflict ceases—the thunder roUs away into the

distance, the wind is hushed, the sun shines out, and Nature, though

tearful, looks happy and refreshed. Everything literally rejoices on

every side ; the air feels cool and light, and for some days there is

pleasm'e in existence.

" Our little fete was spoiled ; but when the war without ceased, we

made up by doing what we could for the pleasure of our guests

within, and all is well that ends well."

I design not to convey the idea that the moisture thus precipitated

had been passed into the atmosphere by the foliage of a forest ; I

find no indication that a forest was there—it is the precipitation

occasioned by the reduction of temperature alone which I seek to

illustrate.

Previous to such a downpour of rain the heavens were perfectly

clear, without a cloud to be seen
;
yet there, it may be, the whole of

that moisture was suspended, dissolved in the air. The rain-cloud

may have appeared to proceed from beyond the horizon, and to come

thence, advancing onwards with resistless force, borne foi-wards by

the gust of wind, more like a tornado than aught else ; but there are

reasons, and these satisfactory ones, to warrant the conclusion that

the cloud had not been blown thither by the blast, but had been

formed at the various points of its advance, by the wind suddenly

cooling down the air below a temperature at which it could hold the
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moisture in solution : very much as is the case with the sand and

dust filling the air immediately before the falling of the rain ; what-

ever proportion of these may have been brought from a distance

more or less remote, most of it may have been seen raised from the

ground on the spot as the mighty rushing wind passed on in its

course ; and the little lapse of time between the appearance of this

precursor and the precipitation of the rain was only such as was

required, or at least such as was occupied, in the aggregation of the

rain particles into the larger drops which fell, and the precipitation

of these by gravitation and by the blast, aided, it may be, by the

co-operation of electric force, the process being essentially the same

whether the blast have come on like an onward moving cold wave,

or have advanced as an advancing whirlwind which raised the air

through which it passed to an elevation at which, it may be in

consequence of sudden expansion, the temperature was too low to

retain all the moisture in solution.

With the copious evaporation going on from the leaves of a forest

there is nothing, in view of such a rainfall, surprising in any change

of wind producing a cloud or mist above a forest, where formerly

the air had been perfectly transparent ; and everything known in

regard to such phenomena makes it probable that in general, if not

invariably, the cloud is produced there, and not attracted thither by

the forest.

In connection with this, there is an observation, made by Mr Marsh,

which demands attention :
—" There is one fact," says he, " which I

have nowhere seen noticed, but which seems to me to have one

important bearing on the question. Whether forests tend to maintain

an equilibrium between the various causes of hygroscopic action, and,

consequently, to keep the air within their precincts to an approxi-

mately constant condition, so far as this meteorological element is

concerned. I refer to the absence of fog or visible vapour in thick

woods in full leaf, even when the air of the neighbouring open ground

is so heavily charged with condensed vapour as completely to obscure

the sun. The temperature of the atmosphere of the forest is not

subject to so sudden variations as that of cleared ground, but, at the

same time, it is far from constant, and so large a supply of vapour as

is poured out by the foliage of the trees could not fail to be condensed

into fog by the same causes as in the case of the adjacent meadows,

which are often covered with a dense mist while the forest air

remains clear, were there not some potent counteracting influence
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always in actlou. This influence, I believe, is to be found in the

equalization of the temperature of the forest, and partly in the

balance of the humidity exhaled by the trees, and that absorbed and

condensed invisibly by the earth."

I accept the statement with all confidence in the correctness of the

observation by 'Mv Marsh. The fact was previously unknown to me.

By the fall of leaves and their decay, and in other ways, the soil

in which trees grow becomes rich with humus, by which means its

power of attracting moisture from the earth is increased. In a forest

the temperature is more equable than in the open country ; to both

of these facts Mr Marsh refers, and I may add, what is also held by

him, that there is heat evolved as well as heat absorbed in vegetation,

a point which will afterwards be discussed more fully. In virtue

of this and of the shelter of a forest, it may in certain conditions

continue for a time, more or less protracted, protected from a change

of temperature, produciug a fog in the open country around.

Without ampler information, or personal observation of the fact

with opportunity of noting the circumstances, I am not in a position

to say more.

Sect. III.

—

On Clouds occasionally seen surmounting Mountains whUe

the Atmosphere is otherwise Clear.

With regard to the phenomena of clouds apparently attracted by

mountains, Mr Marsh, in his treatise " On the Earth as Modified by

Human Action," writes,—" In discussing the influence of mountains

on precipitation, meteorologists have generally treated the popular

belief that mountains attract to them clouds floating within a certain

distance from them as an ignorant prejudice, and they ascribe the

appearance of clouds about high peaks solely to the condensation of

the humidity of the aii-, carried by atmospheric currents up the slopes

of the mountains to a colder temperature ; but if mountains do not

draw clouds and invisible vapour to them, they are an exception to

the universal law of attraction. The attraction of the small Mount

Shehallien was found sufficient to deflect from the perpendicular, by

a measurable quantity, a plummet weighing but a few ounces. Why,

then, should not greater masses attract thence volumes of vapoui'

weighing many tons, and floating freely in the atmosphere withia

moderate distances of the mountains ?"

As stated thus, the popular belief assumes a form in which it can

be dealt with more satisfactorily than in the vaguer form in which it
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is generally met with. The answer I would give to the question is,

However plausible the supposition may be, I desiderate evidence that

gravitation can occasion a deposit of moisture suspended in a state

of solution in the atmosphere, operating on it otherwise than it

does upon the other constituents of the air ; and the phenomena

seen can be accounted for satisfactorily otherwise.

All that was done by Mount Shehallien was to cause a deflection of

the plummet ; the preponderating attraction was towards the earth's

centre. The phenomenon under consideration is not a deflection

from the perpendicular, but the appearance of clouds on the moun-

tains alone.

We cannot get rid of the idea that the earth by gravitation exerts

an attractive force upon clouds, but they do not fall precipitately upon

the eai'th. Solid matter, so comminuted as to appear as dust, floats in

the atmosphere for a length of time, rising even with aerial currents

in despite of gravitation ; so is it with the molecules of water in a

fog. With regard to invisible vapour, it appears to be subject to the

law of gaseous diffusion, in which, though still held by gravitation

within the atmosphere, it is free within the limits of this to go any

whither. True, moisture can be withdi-awn from the atmosphere, and

it is so withdrawn, but this is not attributable to gravitation ; it is

attributable to chemical affinity, whatever that may be, and it varies

with the composition of the soil and the chemical affinity of its con-

stituents for moisture.

In lack of evidence that the attraction of gravitation exercised by

the earth abstracts moisture dissolved in the atmosphere from the

air, I see no reason to conclude that by gravitation has moisture been

abstracted from the air on the mountain top when there the cloud is

formed.

While I desiderate evidence that gravitation can occasion a deposit

of moisture suspended in a state of solution in the atmosphere,

opei'ating on it otherwise than it does upon the other constituents of

the air, and evidence that the gravitation occasioned by mountains

difters in its nature from the more powerful gravitation exercised by

the earth, I see no evidence of their attracting clouds ; and all the

phenomena connected with the appearance of clouds surmounting

mountains may be accounted for in accordance with the way in which

the appearance of clouds surmounting forest has been accounted for,

that is by a fall of temperature below that at which the vapour there

suspended in the atmosphere could be sustained by it in solution.

It is in defence of that view that the subject comes under consider-
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ation, and what ha3 first to be established is the possible production

of clouds in a transparent sky. The case of a Bengal storm has been

cited ; but as evidence of the case in question it may be considered

insufficient, I therefore supplement it with more explicit testimony.

At the Cape of Good Hope, again and again, I have seen the

heavens gather blackness where shortly before the sky was cloudless,

the first manifestation of a change being the appearance of clouds

the size of a man's hand, not blown thither, but there appearing as if

formed there, and the progress and completion of the change resemb-

ling somewhat the dissolving view represented by a magic lantern. The

clouds were neither blown thither bodily nor attracted, but were formed

there, apparently by an intermixture of currents of air of diflferent

temperatures. And again, the whole cloudland structure—bold in

its outline as the smoke belching forth from the cannon's mouth at

the moment of discharge, and magnificent as a realization of Fancy's

dream of Ossa piled on Pyleon, and Pyleon-like mountains on Ossa

again—passed away like the deposition of vapour breathed upon the

polished steel, passed away as if it had never been, leaving not a

wreck behind. And the corresponding phenomenon I have seen when

according to the local phrase, the Devil lays his table-cloth on Table

Mountain. To this I have already had occasion to refer.

At these times the summit of the mountain is covered with a dense

mass of beautiful white fleecy cloud in constant flow over the precipice

and pouring down the almost vertical front of the mountain facing

Table Bay as if threatening to bury in an avalanche the capital of the

colony at its base ; but long ere it reaches the town, notwithstanding

the continuous flow, it stops ; to that line it flows on continuously,

but beyond it, not : there the cloud in unceasing flow terminates, the

spectator sees not why.

The beautiful and interesting phenomenon is occasioned by a south-

east wind, which, up to the Table Mountain range, was undimmed.

The wind was strong, but the sky blue and serene, though the wind

was loaded with vapour—vapour dissolved and invisible.

But passing over Table Mountain the elevation of this is such

that the decrease of temperature, consequent on expansion under

diminished pressure bringing this below the dew-point, the moisture

is deposited by the air in the form of cloud, which, as it reaches at

lower level to leeward, a locality with a higher temperature, the

moisture is again absorbed and the air loaded with it is again trans-

parent, as is all the air around, and as it was itself before passing

over Table Mountain in its course.
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From Claremont, or Wynberg, or the Flats, or any place to the

back of Table Mountain, it may be seen that the cloud is not blown

to the mountain, but there it first appears ; and if some few cloudlets,

formed over the crests of hills belonging to the range situated to

windward, be seen sailing towards it, it is evident that they are

** A sailing, a sailing with the wind," and not attracted only, for none

are seen floating towards the Table-Cloth in other direction than that

in which the wind blows.

Of this phenomenon Sir John Herschel writes, " That the mere self-

expansion of the ascending air is sufficient to cause precipitation of

vapour, when abundant, is rendered matter of ocular demonstration

in that very striking phenomenon so common at the Cape of Good

Hope, where the south or south-easterly wind which sweeps over the

Southern Ocean, impinging on the long range of rocks which ter-

minate in the Table Mountain, is thrown up by them, makes a

clean sweep over the flat table-land which forms the summit of that

mountain (about 3850 feet high), and thence plunges down with the

violence of a cataract, clinging close to the mural precipices that

form a kind of background to Capetown, which it fills with dust and

uproar. A perfectly cloudless sky meanwhile prevails over the

town, the sea and the level country, but the mountain is covered with

a dense white cloud, reaching to no great height above its summit,

and quite level, which, though evidently swept along by the wind,

and hurried furiously over the edge of the precipice, dissolves and

completely disappears on a definite level, suggesting the idea (whence

it derives its name) of a * table-cloth.' Occasionally, when the wind

is very violent, a ripple is formed on the aerial current, which, by a

sort of rebound in the hollow of the amphitheatre in which Capetown

stands, is again thrown up, just over the edge of the sea, vertically

over the jetty—where we have stood for hours watching a small

white cloud in the zenith, a few acres in extent, in violent internal

agitation (from the hurricanes of wind blowing through it), yet

immovable as if fixed by some spell, the material ever changing, the

form and aspect unvarying. The ' table-cloth ' is formed also at the

commencement of a ' north-wester,' but its fringes then descend on

the opposite side of the mountain, which is no less precipitous."

I mean not to affirm that in every case the clouds capping

mountains and mountain ranges have been formed in the same way.

All that I affirm is that thus it is there in the circumstances stated,

and thus it may be elsewhere oftimes when clouds are seen covering a

mo untain brow, and that, whether these mountains be wooded or bare.
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When the mountains are covered with forests of deciduous trees,

the great quantity of moisture passed into the atmosphere by the

Btomat.es of the leaves may render the air more readily indicative of

any full of temperature, but that is all.

The phenomenon in question comes under consideration here solely

because this and the phenomenon of clouds surmounting woods are

generally referred to as indicative of an attractive power over clouds

being exercised by the one and by the other ; and it may be satis-

factory to soine student of the meteorological effects of forests to see

that neither in the one case nor in the other is there any necessity to

call in the aid of some unknown, and consequently mysterious, power

of attraction to enable us to account for the phenomena observed.



CHAPTER II.

Effects of Forests on the Humidity of the Ground.

It may be considered a departure from the professed subject of thii

treatise to speak here of the effects of forests ou the huaaidity of tha

ground; but the subjects are correlated. Practically it is humidity of

soil which is what is desired, aud the couservatio.i of m jistura iu tha

soil has a direct iuflueuce, iu different ways, on the moisture iu the

atmosphere, so important as to justify, if not to require, soma

attention, being given to it in treating of the meteorological effects of

forests.

The subjects coming under consideration here are the following

:

The wetness of roads when overshadowed by trees ; the shelter afforded

by trees against drying winds ; and the attraction and retention of

moisture by vegetable mould ; and to this might be added the effect

of trees in arresting the flow and escape of the rainfall—but a better

opportunity for bringing these under consideration will afterwards

present itself.

SfiOT. I.

—

0)1 the Wetness of Roctds where these are Overshadowed

hy Trees.

We have had under consideration the dampness of houses over-

shadowed by trees, or situated in close proximity to woods. Not less

noticeable than this is the wetness of roads where these are over-

shadowed by trees. This may frequently be observed while elsewhere

the road is dry, and it may be supposed that in this we have only au

exaggerated effect of what occasions the dampness of such houses;

but there is more in the phenomeuDn than this would imply.

While much of the rain which falls upon the earth, and much that

falls in the form of snow and hail, flows away to the sea—the tiniest

streamlet and the mightiest river or flood being alike the product

of such flow—and while a portion is absorbed by the earth, a great deal

is evaporated and absorbed by the air. The higher the temperature of
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the ground the more rapid is this evaporation. The effect may be

seen in the steaming of the streets after a short shower in summer :

there is then more evaporated from the hot stone than the super-

incumbent air can sustain in solution, and the surplus is temporarily

deposited in a visible form. And in the wetness of the roads under

the condition stated we see, in addition to effect of the trees in

increasing the humidity of the atmosphere by evaporation through

the stomates of the leaves, the effect which they bear in checking or

preventing such evaporation from the ground.

The quantity of moisture held suspended in solution in air, or

•which may be so held, increases with the temperature, and when the

sun's rays fall unimpeded upon the road this raises the temperature

of the earth and stones ; and these by contact and radiation raise the

temperature of the incumbent air, which in its turn takes up the

moisture with which they were covered : the moisture being evaporated

in the same way as is a drop of water falling on a hot stove, or as the

moisture on a wet handkerchief when this is held to the fire, but less

rapidly, as the temperature is not so high.

The same difference as is seen on the exposed and shaded part of

the road may be seen in the ground on the sunny and shaded sides of

a house, only less marked because the shade is less complete.

I have stated in another volume that, to test the correctness of

some statements, I had had occasion to make at the Cape of Good

Hope, on the effect on the destruction of herbage by fire on the

desiccation of the country, Mr W. Blore, M. L.A.., Fellow of the

Meteorological Society of Loudon, and Secretary of the South African

Meiieoi'olouical Society, made some experiments with the following

result :—He sunk two cylindrical jars, of the same size, in the ground

to the depth of 4 inches, leaving them projecting an inch above the

surface, as a precaution against sand and other matters being blown

into them, and covering each with wire gauze to keep out flies, &o.

The one was placed where it was partially protected, but not covered

bv bush, the other was sunk in a newly cleared plot of ground,

measuring about 60 feet in diameter, surrounded by sugar bushes,

Protea mellifera Thhg, of a considerable height, and otherwise pro-

tected from the prevailing wind by a belt of pine trees, about 120

feet distant.

Into each of these jars was put 20 oz. of water on January 31st, at

10 A.M. On February 5th, at 5 p.m., the water remaining in each

was carefully measured, and the evaporation was calculated, when
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it was found that the evaporation from the jar sunk in the cleared

ground had been more than double the evaporation from that which

was partially protected, though not covered by the bush ; tlie

former being 1-854 in.; the latter -863 in.; giving an excess of

•991 in. The experiment was repeated with similar results.

In reporting these results Mr Blore remarked that had the experi-

ment been made in a more arid district, the evaporation would have

been greater ; and that had it been made in the open country, the

diflference would have been marked. But, taking the results obtained

as the basis of calculation, he arrived, by the following process, at a

conclusion for wiiich, probauly, few who have not given attention to

the subject are prepared.

The excess of evaporation from the more exposed jar above that

from the jar partially shaded, but not covered, being one inch, more

strictly speaking upwards of j j(y of an inch of water, and more than

double that of the latter. " An inch in six days," says he, " will give

for 102 days, the ordinary duration of the hot windy and dry season

in the district, 17 inches. This is equal to about three hundred and

eighty-four thousand (384,000) gallons per acre, and supposing 1,000

acres to be burned, blackened, and dried—what with sunlight, fire,

heat, and wind, the evaporation would be an excess of three

hundred and eighty.four millions of gallons of water above what

would have been evaporated if the bush or grass had been left

unbnrned."

In the prosecution of his researches, Mr Blore ascertained by

experiment that on Wynberg hill, while the deposit of dew on a

green surface amounted to 475, that on a white surface amounted

only to 2, showing that the deposit of dew upon a green surface is

more than double that upon a white ; and he further ascertained

that, while the ditfereuce of temperature in the water in the two jars

employed in the former experiment was only a few degrees, the

difference of temperature between black ground and ground shaded

by bush was about 25', which would occasion a vastly greater

difference in the amount of evaporation than that which occurred in

his experiment.

In a letter on planting trees by water-courses, appended to Report

of Colonial Botanist for 1863, it is stated:—"In the course of

my tour I have found that in some places an opinion prevails

that trees growing by the side of a stream, steal away the water.

And in support of this opinion, my attention was directed to the
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fact that under trees or plants the moisture spreads for several

inches, eighteen or twenty it may be, over and through the banks

towards the tree, while at exposed places between the trees the

moisture spreads not above one or two inches from the surface

of the water. But this, so fur from proving what w'as alleged,

may be adduced as evidence of the correctness of my view of tho

matter. The water spreads from tho stream by what is called

capillary attraction, and spreads in all probability quite as far in the

exposed as in the covered spots, but where it is exposed it is con-

tinuously evaporated by the heat of the sun's rays, so that, excepting

during the night and early in the morning it never becomes visible in

the darkened hue of the soil, while under the shade of the trees it

has been protected from evaporation. There the water which has

spread so far is retained with very little loss. Bat at the exposed

parts of the bank there is a constant drain throughout the day.

Water evaporates ; more rises to supply its place ; but this is carried

off in like manner, till the setting of the sun suspends for a time this

wasteful process. So far from the tree stealing the water, it takes up

no more than it retains in the structure of its sap, wood, flowers,

fruit, and green leaves ; the heat is the thief, if thieving there be.

The tree has not stolen away the water which occasions the moisture

seen under its shade. The soil did that, and it did the same all

along the water-course ; and the tree, like the faithful dog, has

watched over and protected that portion from the heat of the direct

rays of the sun, by which it would otherwise have been conveyed away

and transported by the air to regions, it may be, far remote."

While I adhere to the statement thus made, I may add that in

the remark which called it forth there is—as there often is in popular

remarks—a mixture of truth and error ; it was neither absolutely

correct nor absolutely erroneous : the tree had actually withdrawn

moisture from the streamlet, for thence it was that the moisture re-

tained in its structure and the moisture evaporated by its leaves had

mainly been obtained ; but the blackness and dampness of the soil

between the streamlet and the tree to which it was that my attention

was called bad not tlius been produced,—that moisture bad not been

occasioned by the vegetation of the tree but by the capillary attrac-

tion of the soil. The shade of the tree had prevented the direct rays

of the sun falling upon this as they did upon the ground around
;

thus an evaporation, such as had dried the ground beyond, bad been

prevented ; and in the same way is the desiccation of a road retarded

where it iu overshadowed by trees.
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In the Journal of the Royal Agricultural Society, N.S,, vol. ii,,

p. 110, there is a statement, by Mr R, Orlebar, of Willingborough, ou

the advantage of planting trees amund ponds, in which he says, " It

is astonishing what efl'ect a little shade has in checking evaporation.

A pond that is well shaded will hold water for weeks after one

of equal dimensions, but lacking shade, will become dry. The best

shade is that given by fir trees, or other evergreens, for they give it

all the year round. The yew, perhaps, would be even better for

shade than the fir, but for its poisonous qualities. After the fir, I

doubt whether there is, on the whole, any better plant for shade than

the hawthorn bush. Its leaves sprout early, and fall late ; and it

possesses, besides, the great advantage that it forms its own fence."

And t.he writer tenders the counsel, suitable for Europe and countries

in the northern hemisphere, "Alwajs, if possible, have the n"outh

of your pond on the north side, and the shade on the south side."

A suggestion which commends itself. While the writer speaks only

of shade, it may be that the effect mentioned by him was to some

extent due to shelter afforded to the pond from wind.

I find it stated, in reference to the suggestion of Mr Orlebar, by a

writer. On the Dew of Heaven and the Influence of Forests, in the

Farmer s Magazine, Mr Cuthbert W. Johnstone, that in some parts of

England they are careful to have the oak planted around their ponds
;

and he mentions, as bearing upon this point, a fact to which I have

already referred, that the dew under some large oak trees by the side

of his bowling-green, at Croydon, is always considerable of an evening
j

but that under a witch-elm, growing by their side, the dew is almost

always absent. Observation will show whether this difference is attiibu-

table to the difference in the shade afforded, or to a difference in the

quantity of moisture evaporated through the stomates of the leaves,

in accordance with what has previously been stated with regard to

the dropping from trees (ante p. 35).

Sect. II.

—

On the Desiccation of Ground hy Drying Winds being

Prevented by the Shelter afforded by Clumps of Trees.

In the case of a tree by the side of a stream with the ground

between the stream and its trunk moist, while all beyond was dry, we

had an indication of the effect of a tree in preventing evaporation by

protecting the moist ground from the sun's rays, and it rjay be, in

part, by reflecting or confining vapour rising from the soil ; but not

less important is the influence exerted by a clump of trees in
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preventing evaporation, by protecting moist ground from the

desiccating effect of wind.

We often hear of a drying wind ; and many may have remarked

that a clear wind does more to dry the roads in spring than does

even bright sunshine. Every clear wind is a drying wind ; it is

composed of air not surcharged with moisture ; up to the measure of

saturation every particle of this air can take up and dissolve

additional moisture, and it will do so by simple contact therewith.

Were the air stagnant, evaporation might go on slowly, the air in

contact with the moisture taking np a portion of it and slowly

transferring this to the stratum above, to be in like manner trans-

ferred to the strata beyond ; but moved on, as every particle of the

air is, by and with, and in the wind, it imbibes a portion and passes

off loaded to let more follow to do the same ; and we see the effect

in the rapid drying of ground over which the wind has free course

;

while we see the effect of shelter in the continued humidity of the

ground wherever it is protected from the wind by a wall, a house, a

hedge, or a clump of trees.

To this effect of wind, and the modification of it produced by

shelter, reference is made in the before mentioned experiments and

observations made by Mr Blore.

It is stated by Mr Milne Home, chairman of t)ie Council of the

Scottish Meteorological Society, in a paper containing suggestions for

increasing the supply of spring-water at Malta, and improving the

climate of the island, to which I shall afterwards have occasion to

refer at greater length, '* Halley found that, when water is kept in a

room, to which neither sun nor wmd had access, the evaporation

amounted to 8 inches in a year ; but when exposed to sun and wind,

even in the cloudy atmosphere of London, it amounted to 48 inches

yearly. More recent and accui'ate observations make the natural

evaporation from soil kept moist not quite so much. Howard of

London gives, as the mean of eight years' observations, 30 inches.

Dobson of Liverpool found, after four years' observations, a mean

annual loss by evaporation of 37 inches ;—the least evaporation

being in December, when the temperature was -il", the greatest in

July, when the tempei'ature was 70". D.ilton of Manchester found

that evaporation there was at the rate of 30 inches ;—the lowest

being 101 inches, in DecembGi", the highest 409, in July.

" An instructive table was framed by Dalton, showing the number

of grains of water evaporated, from a given surface and during a
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given period, at different terapei'atures, and with different velocities

of wind. Tlie foUowiuor extracts are made from this table :

—

Temp. Fahr.
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windward side, a comparatively precipitous fall to leeward. The

observatory erected by Sir Johu HerscUel with a view to secaring

calm for the immease tube of his telescope was erected in relation to

prevalent winds to windward, not to leeward, of Table Mountain.

And a calm prevails at Herschel and Bishop's Court while the wind

is blowing strongly on the Fiats, and pouring over the front of

Table Mountain like an avalanche.

To some to whom the fact may be new, it may prove corroborative

of what has been stated if I call attention to another fact, which has

been observed by others. In walking along the edge of a sea-cliflF

facing the wind it has been found, when the breeze was alight or

moderate, that it was felt in full force up to the edge of the preci-

pice ; but when the breeze was strong, there was a breadth of perfect

calm along the edjje of the clifiF, while a little way inward the blast

was felt in all its fury,—the width of the calm being proportionate to

the force of the wind^ the upward concave cui've of the leeward current

passing into a convex curve carrying it over the head of the observer.

It is in connection with my advocacy of the conservation and

extension of forests at the Cape of Good Hope as a remedial measure

against the aridity—and progressing aridity—of the soil and climate,

that I have brought this subject under consideration. I am quite

aware that an argument in favour of the cutting down of forests,

woods, and trees, as well as an argument for the conservation and

extension of them by plantation, may be founded on the fact to

which I am calling attention. It is the case that there are places

in which the one operation may be as advisable as the other may be

in others : there are countries, in which woods and moisture are both

in excess, the clearing away of forests to a certain extent is advocated

on the very ground that their effects are such as I am endeavouring

to show that they are. But this only goes to strengthen my
argument and establish the fact which I am endeavouring to ex-

pound, irrespective of the practical application of it which may be

made by myself or others : that fact is, that belts of wood, and

fences, and forests, in their several degrees, acting as windbrakes,

retard both to leeward and to windward the desiccation of ground by

the evaporation promoted by drying winds.

Sect. III.

—

On the General Phenoviena of Evaporation from Forests.

It appears to be unquestionable that by the shade which they

occasion, and by the shelter against drying winds which they afford,
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forests exercise a cousiderable influence iu diminishing the evapora-

tion of moisture from the soil ; but, in connection with the con-

sideration of this, there should be taken into consideration the

general phenomena of evaporation from forests.

M. Cezanne in his Siiite to £htde sitr les Torrents des Hauies Alpes,

by M. Surell, remarks that "evaporation is for modern physical science

a phenomenon comparatively simple and well understood. It is known,

for each degree of temperature, what is the tension and what is the

measure of saturation of the air. But looked at from a meteorological

point of view the phenomenon is one of the most obscure ; and the

limited number of observations which have been made cannot admit

of their being compared together.

" What, in a given place, is the depth of water which is carried off

in one hour by evaporation] This varies according as the evaporating

surface specified may be drenched or only damp, be stagnant or

running water, be in the sunshine or shade, according as it may be

summer or winter, according as the air may be saturated or not, or

be more or less saturated, and according as the air may be at the

time windy or calm.

" Two adjacent basins, placed in the same meteorological circum-

stances, evaporate unequal quantities of water if they be larger or

smaller, if their sides be more or less elevated, if they be sheltered

from the wind or not, etc.

" When it is said that the annual evaporation at Rome is 2*462

millimetres, at Marseilles 2269, at Paris 0698, at London 0754, at

Toulouse 0"649, at Copenhagen 0209,* all that is meant to be said is

that in the circumF.tances in which the observers were placed they

have determined these results. But the mean annual evaporations

furnished for each place are far from having the same scientific value

as the mean annual rainfalls, which present on the contrary a specific

character. It may always be affirmed with certainty that evaporation

goes on decreasing from the equator to the pole, where, however, it is

far from being nil, even in the greatest frost ;t that it is more feeble

near the coast than in the interior of a country ; and more feeble also

under the eq^catorial wmdi from the south-east than under the jso/ar

* Vallfes : Tnondations, p. 23.

t Hayes : La Mer Hire du Pole, p. 224. "VN'tt lioen, exposed to the air,

dried at the loweet tiiupeiatuieB ; and a ^beet of ice, euBpended

by a.thread, evaporated away by little and little.
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wind from the north-east—the former being saturated with moisture,

while the latter has been deprived of it."*

And having stated what the effect of this is on the flow and

delivery of rivers, he goes on to say,
—"If such be the important

part played by evaporation, it is evident that forests exercise au

appreciable influence on water-courses, according as they promote or

retard, to whatever degree it may be, evaporation. But in what do

they exercise this action 1 On this point the whole world seema to

be at sixes and sevens.

" Throughout all time the poets have sung of the cool shade—the

moist shade of extensive woods. A nave of verdure thrown over a

road keeps it moist, and as a consequence protects it or injures it,

according to the climate or the seasons. In every page of works on

forestry may be met allusions to the humidity, which is favourable

to the seedlings, and which the shade maintains.

" If any one entertain a doubt, let him follow in the suite of a

forest-guard the dav after a storm of rain ; when, although the open

country and a fortiori the roads are already dry, he may procure for

himself a cold bath in penetrating into the clumps of copse-wood.

At his feet the tall herbs are little better than a stream, and on his

head every shaken branch will pour dowu a douche, which will make

itself be felt." And in explanation he adds in a foot-note,— *' Any

one may observe that on the leaves of certain vegetables, but not of

all, the rain-drops take a spheroidal form ; in this state they resist

evaporation energetically, as one may see globular drops run about

on red-hot iron without ebullition. The foliage of other plants has

been dried for a long time, while these pearls sparkle still on the

herbs which bear them. Certain species preserve thus the rainfall

until the agitation of the leaves cause these sphei'oidal drops to fall."

And he goes on to say, " It seems then natural to believe that forests

oppose themselves to evaporation, and, consequently, acquire for the

ground the product of the rain. But objections are not awanting.

" Attention is called to the circumstance that the foliage of trees

arrests a notable portion of the water falling as rain. When a light

rain-storm follows some days of dry weather, it may be seen that each

tree casts a dry shadow, which on the wet ground of the road is

marked out by a dust-covered patch. The water arrested by the

leaves is lost to the ground underneath ; the tree or the air will

absorb it, and the importance of this is such as is not to be

overlooked.

* Schmit ; Grundriss der Mdcorologie.
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"The Mar^ohal Vaillant has frequently drawn public attention

to forest hydrology. He instituted experiments to measure the

quantity of rain which is arrested by the foliage of trees ; and the

following are some of the results he obtained ; the observations were

made in the forest of Fontainebleau, during the year 1866 :—

*

QUANTITY OF RAINFALL,
xr 4.v„ T • Under leafy woods t> ,.•Months. In open air.

of 30 years' growth.
Proportion.

millimetres. mm. mm.

January, 35 24.5 or '70

February,...., 785 63 -81

March, 80-8 ........58-2 -72

April, 67 50.9 76

May, 46-2 315 -68

June, 66 32 48

July, 105 8 53-8 50

August, 117 60 -51

September, 1235 65 -51

October, 31 142 45

November, 47-5 29 -62

December, 612 435 -70

859-5 524-7 0-60

" From this it is seen that the leaves arrested in winter 30 %, in

summer 50%, and, on an average, throughout the year 40% of the

rain which fell.

" Under the Epic^as \^Picea excelsa, Linlcl of 35 years' growth,

probably in dense clumps, the pluviometre received only 21% of the

years' rain-fall : the tree arrested 79 %, In a forest adjacent to

Versailles, the pluviom6tre, placed under a leafy wood, received 80%
of the year's rain: the foliage arrested only 20%. Under a timber

forest of oaks, of from 70 to 100 years of age, the instrument

received 85 % of the year's rain.

" Perhaps there may be ground for some little discussion in regard

to these experiments : the position in which the pluviometre might

have a marked influence on the results. Two instruments placed

under an umbrella, one towards the centie, the other at the circum-

ference, under the droppings of the ribs, would give a bad measure-

ment of the mean fall of water on the soil.

* Bevm des Eaux et ForHs. 1867. P. 161.
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*' M. Mathieu, sub-direotor of the Forest School, has undertaken a

aeries of experiments under very ftivourable conditions. Of these the

following is one which is particularly interostia;^, and one, the results

obtained by which scarcely agree with those of Marshal Vaillant.

Two udoin^tres were placed at the forest statioa of Ciaq-Tranch6as,

the one in the open wood, under a patch of b3ejhes and hornbevoxs,

of average denseness, and of the age of 42 years ; the other, at a

little distance, in the middle of an open space many hectares in

extent. It may be well to note that the furest udomHre is of special

construction; that the receiver embraces the sten of one of the

perches of the clump, and presents a surface quite equal to the

projection of the top of the tree ; that by this maaas the indications

of the instrument are quite exact, and represent well, without

exaggeration or diminution, the depth of the sheet of water received

by the wooded ground ; and that this water, dropping from leaf to

leaf, passes through them, or flows down the trunk.

" Under these conditions the udomHregave, in 1833, the following

quantities of rain :

—

MEASUREMENT OF RAIN.

Monthf. Dnierwood. Outside wjod. Proportion.

mil imktres. mm. mm.

January, 68 73 0-931

February, 37 36 1-025

March 50 50 1

April, 69 73 -945

May, 8 8 1

June, 48 52 -923

July, 31 34 -911

August, 26 37 -702

September, 59 61 -962

October, 118 122 -967

November, 26 28 -928

December, 163 174 -936

Total, 703 749 -939

" It may be astonishing to see in the table that during the months

of February, March, and ^lay the sheltered pluviometre received as

much or moi'e rain than the pluviombtre in the open space ; it is

necessary to consider that, either through some caprice of the rain,

or by some such effect of the trees, there fell more water in the wood

than in the adjacent open space. This result, moreover, might
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explain itself quite natui-ally, and without calling in any special

action of vegetation, if the open space were less accessible to the

rainy wind than was the wooded clump.

" It is worthy of rem irk tliat the mean proportion between the

two instruments, which was 0'939 fjr 1868, had been 0'938 for 1867,

and 952 for 1866 : that is to say, tliat the proportion varied very

little."

Along with the allowance, which it may be deemed necessary to

make for the quantity of rain which may be arrested by the foliage

and evaporated thence without reaching the ground, iu a rough

estimate of the benefit which trees may bring to the soil by

preventing evaporation thence, it may be deemed necessary to make

some allowance in certain circumstances fur the evaporation, through

the storaates of the leaves, of moisture whicli is dissipated in the

atmosphere, if this be in excess of the difference between what is

evaporated from the soil under the shade and shelter of the wood and

what is evaporated from aijaoont open country.

I am disposed to question whether such a case be of frequent

occurrence, or if it be likely to occur at all, but the possibility of its

occurrence must not be ignored. I cauuot do more than refer to it

to show that it is not ignored by me.

In a preceding section I have referred to the observations of Mr
Blore on evaporation, under shade and shelter, and in open ground,

at the Cape of Good Hope ; and in connection with a notice of these

observations I had occasion to cite some experiments on evaporation

made by M. Mathieu. A report of these was published by the

French Government in the " Atlas Meteorologlque de I'Observatoire

Imperial, 1867," from which it appears that, during the seven months

comprised between April and October in that year, whilst the

quantity of water evaporated from forest leaves was 3.23 inches, the

quantity evaporated from land clear of forest was 16.29 inches, or

about five times as much.

In April, before the development of leaves, if 1,000 represented the

evaporation from the open country, 623 represented the evaporation

from woodland ; but after the trees became clothed with foliage the

amount of evaporation from the woodland was only 130, as against

1,000 of open country evaporation. In October the woodland evapora-

tion was to the open country evaporation as 90 to 100,

The experiments were continued in 1868.
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At the station of Belle-Fontaine, M, Mathieu measured the evapoitt-

tion by means of vessels exactly comparable placed outside of a wood,

and under a leafy wood. During the months of January and February

no observations could be made on account of the frost. Bat iu the

subsequent months the following results were obtained :

—

WATER EVAPORATED.
Months. Outride the wood. Under the wood. Proportion.

millimetres. mm. mm.

March, 33 9 3.66

April, 50 19 2.63

May, 105 23 4.56

Jane, 107 19 5.63

July, 95 10 9.50

August, 75 8 9.37

September, 55 . . * 11 .5.

October, 12 3 4.

November, 2 9.

December, 8 4 2.

Totals, 542 106 5-11

From this it is seen that during ten months in 1868 the evapora-

tion was more than five times greater in the open space than it was

in the forest, which consists of high perches, dense and close, of horn-

beams, beeches, oaks, and ashes of sixty-two years' growth.

There are cited by Marsh some valuable observations by Risler on

the evaporation from cultivated soils and the exhalation and exuda-

'tion of humidity by field plants and forest trees, given iu the Archives

des Sciences (Bihtiotheque xiniverselie de Geneve) for Sept. 15, 1869
;

March 25, 1870; and Nov. 15, 1871, which seem to lead to this

general conclusion, that forests evaporate less than an equal extent of

pasturage, and that if we suppose a mean precipitation of two and a

half millimetres per day, of which two millimetres peuetrate into the

soil, the forest takes up less than one half of this supply, the re-

mainder descending into the sub-soil and percolating through earth

and rock until it issues in the form of springs. He found an evapora-

tion of one and one tenth millimetre per day to be the maximum from

a forest of firs under exceptionally favourable conditions of a fertile

and humid soil and abundance of sunlight.

Risler, in the experiments referred to f )und that in 1867, not far

from Geneva, no water escaped from a parcel of ground thoroughly
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underdrained at the depth of 1"* ,20, iu the mouths of July, August,

September, November and December, and but a very trifling quantity

in June and October ; in 1868, very little in May and September and

none in June, July and August, In 1867 the total precipitation was

1066,84 millimetres ; the evaporation, as measured by the difference

between rain-fall and drainage, 733,44 millimetres ; in 1868, these

quantities were 1032.86 and 755.74 millimetres respectively.

M. Cezanne remarks in regard to all the observations cited by him,

—" In conclusion, and with every allowance for the small quantity of

water which is retained by the leaves, the foregoing observations

strengthen the conclusion that, under the same measure of rain-fall,

the soil of the forest receives and retains notably more water than

does uncovered ground.

Sect. IV.—On Moisture being Attractedfrom the Atmosphere, or other-

wise retained in the Ground hy Vegetable Mould.

The meteorological effects of forests are, as has been intimated,

somewhat complicated, and the student of these availing himself of

my guidance may be beginning to perceive something of the compli-

cation in which they are involved ; but thus far the unravelling of

different strands has been found to be practicable, and this operation

may be carried a little further without difficulty.

A distinction has been drawn between the effects produced on the

ground by the shade from sunshine, and by the shelter from drying

winds afforded by trees and forests. It is necessary, further, to

distinguish between the effects produced by shade and by vegetable

mould, which exists always, in greater or less quantity, in forest soil,

in consequence of the decay and decomposition of fallen leaves and

and fallen twigs, and broken or decaying rootlets.

In the soil of a forest there generally exists more moisture than

can be attributed to shade, or to shade and shelter combined ; and

much of this is attributable to the attraction of moisture manifested

by this vegetable mould.

By a series of simple experiments this fact may be demonstrated,

the quantity of moisture determined, and the proportion attributable

to each of the effects mentioned approximately ascertained.

Take the weight of a hundred grains or of a hundred drams, or the

weight of a hundred shot of uniform size, of the apparently dry soil
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of a forest, sheltered and shaded by the trees, and expose it for some

hours to the bright sunshine ; after this weigh it, and most probably

it will be found to have lost weight. This loss will have been

occasioned by the sunshine and open air having caused an evapora-

tion of moisture from the soil, though it appeai'ed to be dry, and the

quantity of moisture so evaporated may be determined by the

weight lost.

Take again the same weight of such forest soil, so dried in the air

and sunshine, and of such dry gravelly sandy soil as you may find on

the road, similarly exposed to the drying influences of the air and sun-

shine ; expose them together on papers for an hour in an oven heated

to such a degree that the papers will be browned, but not burned
;

weigh them again, and probably both will be found to have lost

weight, but the loss of weight sustained by the soil taken from the

forest will probably greatly exceed the loss of weight sustained by

the soil taken from the open field. The loss of weight is occasioned

in this expei'iment, as in the first, by loss of moisture contained in

the soil, notwithstanding that this was sun-baked and apparently dry.

Had the papers been burned there might also have been burned

organic, vegetable, or animal remains in the soil, occasioning a

loss of weight in addition to that occasioned solely by the loss of

moisture, for which allowance must have been made ; but this has

been avoided by the precaution adopted. And the heat prescribed

was to be such as would brown the paper without burning it, to

secure as great a heat as possible short of what would have done

more than merely drive off the moisture contained in the soil. And

if the loss of weight sustained by the soil from the forest so exposed

be in excess of that sustained by the soil taken from the road, this

indicates that it, when appai'ently dry, contained more moisture than

did that other, which excess was attributable to moisture held fast

by products of vegetable decomposition in the soil.

But this is not all. If equal portions of the two parcels of

thoroughly desiccated soil be spread out on glass, and exposed for a

day or two to the atmosphei*e. protected from rain or dew (within

doors or without, in a dry room or in a cellar), and those be then

again weighed, they will be found to have gained weight, but in

different degrees, much more having been gained by the forest soil

than by the sandy gravelly soil of the road. This will be done by

their imbibing moisture from the atmosphere, dry as that atmosphere

seemed to be ; and the proof is forthcoming : expose them again in

an oven as before, and the weight gained will again be lost.
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In this effect of vegetable mould we see how forests may
exercise a third influence, over and above and distinct from both

shade and shelter, in maintaining a humidity of soil.

This matter may deserve a little farther consideration.

In treating of Reboisement in France, I had occasion (p. 95) to cite

certain experiments made by Thurmann, made with a view to ascertain

to what extent different minerals could absorb and retain moisture,

and to state results obtained by him showing that cubes of diff'erent

minerals thoroughly dried, weighing each 100 grammes, immersed in

water for five minutes, varied in the quantities absorbed by them

from half-a-gramme to from 10 to 30 grammes.

These results have been considered indicative of the absorption of

water being proportional to the state of molecular sub-division of the

material comprising the rock, and they have been resolved into dis-

tinct phenomena—hydroscopicity and capillarity : the former, the

power of each molecule of the rock to retain around it a layer of

moisture difficult to withdraw ; the latter, the power of structures of

molecules of earth to retain in interstices by which they ai*e separated

small globules of water. And thus may the results obtained by the

first-mentioned experiments be accounted for. They indicate greater

hydroscopicity and capillarity to be possessed by the soil of the forest

than is possessed by gravelly and sandy soil of the road—this being,

as may afterwards be proved, an effect or consequence of forest pro-

ducts embodied in that soil.

But besides substances which manifest capillarity and hydroscopicity

there are substances which attract and abstract moisture from the

air, some of them doing so to such an extent that they deliquesce or

dissolve in their own brine ; and unless the air be kept excluded from

them, or they be kept in a warm place, where the heat will either

keep the air comparatively dry, or evaporate the moisture attracted

and absorbed by them, you cannot keep them dry. This is signally

the case with the carbonate of potash—the potash of commerce ; it

is manifestly the case with chloride of sodium, or table salt ; it is

also the case, though less manifestly so, with clay ; and to a very

marked degree is it the case with humus, the product of the decay

and decomposition of vegetable matter, and one which abounds in

forest soil from the fall of leaves and twigs.

To this humus mainly may be attributed the great attraction of

the forest soil for moisture, indicated by the gain of weight when,

after being thoroughly desiccated, it is exposed to a dry atmosphere

;
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and to the great quantity of humus in that soil, the excess of the

quantity of moisture absorbed from the atmosphere over the quantity

absorbed by the dry gravelly sandy soil taken from the road.

The quantities of humus and the quantities of clay, which exercise

similar power, though not to the same degree, in each of the parcels,

can easily be determined.

It may be noted that what is now spoken of is not the deposit of

dew, which depends on a reduction of temperature.

Wherever the difference of temperature between day and night is

great, and the atmosphere is heavily charged with moisture, the

deposit of dew is considerable. In England, Luke Howard, with a

well-constructed rain gauge, found the deposit of dew in one night

towards the end of September equal to "01 inch of water; and in

the last six days of October he obtained '11 of an inch from copious

dews and mists.

In Algeria, at the stations on the coast, writes Steinmitz, in a

little volume entitled " Sunshine and Showers," after the driest and

hottest days, immediately the sun has set, the soldiers' uniforms

become wet with dew, and in a single night the blades of knives in

the pocket become rusted.

But apart from this deposit of dew, moisture is absorbed from the

atmosphere by the soil. The driest soils contain 13% of moisture.

It has been detei-mined by experiments by Schubler that when a

soil, which weighs about 1000 tons per acre, is pulverised so as to be

freely permeable by the atmosphere, and is exposed to the air after

being thoroughly dried, it will absorb in twenty-four hours, if a sandy

clay, what is equal to 26 tons of water; if a loamy-clay, 30 ; if a stiff

clay, 36 ; if garden mould, 45.

Cezanne states that, '•' In the Roussillon, rain is a rarity ; the in-

habitants can recall periods extending over a year without notable rain;

and that the littoral hillocks behind the buttresses of the Pyrenees

are of a very permeable limestone, but the vine flourishes in this

region, the leaves cover the rocks with verdure, and the grapes swell

with a savoury juice, while along the dusty roads the grasshopper

follows the traveller with its cry, the emblem of aridity and drought.

"It is certainly not from the soil devoid of humidity that the vine

drinks its supply, it is from the atmosphere ; and the vine-growers

do not deceive themselves—it is not for rain that they look, they

know that hope of this would be vain—they ciy for the sea breeze,

which will perfectly satisfy them.
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" On the other hand, in the palus of Bordeaux, the vine is seen

growing, so to speak, with its feet in the water.

" It is then probable that vegetables, or at least some of them, are

endowed with au eclectic power 3 they take water where they find it,

they distil away subterranean water when it is in excess, and they

know also how to condense and absorb water from the atmosphere."

I accept the facts, but demur to the reasoning. I think all can be

otherwise accounted for. M. Cezanne cites in a foot-note, in illustration,

the description given by Mr Thomas Baines of the Markivhce, a large

watery root, measuring in its greatest circumference 40 inches and

in its smallest 30, with the statement of Mr Baines that when he and

his party, travellmg in au arid district of South Africa, felt thirsty the

Bushmen would pull up some of those roots, and by eating of them they

would quench their thirst. I have heard of several different kinds of

such juicy plants growing in the most arid districts of South Africa;

but never have I heard anything in regard to their natural history,

or their structure, which would warrant the conjecture advanced ;

while the proved affinity of soil for moisture supplies a satisfactory

explanation of all the phenomena referred to.

From experiment and observation it has been deduced that pure

sand has little affinity for moisture ; but that such affinity is

manifested both by clay and by humus in a high degree, and to

these conjointly may be attributed the attractive affinity of the soils

for moisture, indicated by the gain of weight in the second set of

eiperiments, when the desiccated soils were exposed for a long time

to the air.

To this affinity of soil for moisture attention is given in analyses

of soil in agricultural chemistry. It is in general inversely propor-

tionate to the proportion of sand, and directly proportionate to the

quantity of clay in the composition of soil taken from the open country,

in which these constituents greatly preponderate ; but it is also

proportionate in a much higher ration to the quantity of humus in

the soil, and the quantity of this can easily be determined.

If the two parcels of earth last referred to as subjects of experiment

be raised to a red heat in iron spoons, and after all appearance of

brighter incandesence in portions of the mass has ceased, they be

weighed, care being taken to remove all scales of iron or of iron rust,

they will again be found to have sustained a loss of weight ; this is

attributable to the combustion of organic matter, most of which was

humus, or capable of becoming humus, and the loss sustained by the

forest soil will be found much greater than the loss sustained by the
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other. In the case supposed, the affinity for moisture will be found

to be proportionate to the different results ; but it may be modified

by the proportions of clay, if in either this be greatly in excess—and

this also can easily be determined.

If the two parcels of soil be next drenched with hot water, and this

poured off when discoloured with the muddy matter suspended in it,

and the process be repeated until the water comes off limpid, upon their

being again desiccated in an oven, as before, and weighed, the loss

they have sustained in weight will indicate the quantity of clay which

was in their composition, together with free soluble salts, the quantity

of which may be little or may be much. Thus will have been re-

moved all the materials manifesting a marked affinity for atmospheric

moisture; and in few cases, if any, the results greatly modify the con-

clusion arrived at by the removal of the humus and its constituents.

I prescribe not these proceedings as certain to give precise results,

in absolute accordance with the actual constitution of the soils made

the subject of experiment, but as rough and ready experiments which

may be made by the inexperienced, the results of which will indicate,

and to some extent measure, the property of forest soil not only to

retain moisture, but to attract moisture from the atmosphere in a

superior degree to that in which such property is possessed by the

gravelly and sandy soil taken from the highway.

Should any one desire more accurate results, the following course

of procedure may be followed :

—

1. Ascertain the quantity of moisture in the apparently dry soil

by the mode of desiccation described, weighing the soil before and

after the operation.

2. Ascertain the affinity for moisture by lengthened exposure of

the desiccated soil to the air anywhere, and subsequently weighing

it to learn what it has gained,

3. Ascertain the quantity of organic matter in the soil by heating it

to incandescence as directed, but doing this in a plautinum crucible,

previously desiccating it as before, and weighing it before and after

this third operation.

4. Drench it with spirit of salt, muriatic acid, or hydrochloric acid,

as it is now generally designated, adding soft water, and continuing

the operation till all effervescence has ceased. Drench it then with

water; let it settle
;
pour off the water when limpid ; desiccate as at

first, and weigh : and the loss of weight will then indicate the

quantity of lime which was in the soil.
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5. Ascertain the quantity of clay by the operation described.

6. By sifting the residuum through a piece of fine muslin, the sand

may be separated from the gravel, and the quantity of each deter-

mined by weighing them apart.

A comparison of the results will show the difference in the com-

positiou of tlie two soils—and in none of the constituents will tho

difference be more mai'ked than in the organic constituents and in

the sand and gravel ; the former, composed mainly of humus or the

constituents of humus, having a great affinity for moisture, being

greatly in excess in the forest soil, and the latter, having little or no

affinity for moisture, being almost awanting.

This humas is a product of vegetation, inasmuch as it is a result

of the decay and decomposition of vegetable products ; and it is not

only not decreased but it is constantly being increased by vegetation.

Under no crop is this more manifestly the case than under a crop of

deciduous trees. For this the annual fall of the leaves enables us

without difficulty to account. The shelter afforded by a wood pre-

vents both the fallen leaves, and the dust to which they may be

reduced, from being borne away by the wind, and tlie shade prevents

the humus from being so decomposed as to be carried off by the air.

With the smaller quantity of humus in the soil not protected by

shelter and shade, it is otherwise. What there occurs is thus stated

in a paper I had occasion to cite in treating of the effect of de-

nudation of the country on the hydroscopicity of the soil,* a paper

on the philosophy of arboriculture, by the Rev. Dr Macvicar, of

Moffat, who was the first editor of the Quarterly Journal of Agri-

culture, issued by the Highland and Agricultural Society of Scotland,

and who subsequently resided in Ceylon, where he had opportunities

for prosecuting researches upon which he had previously entered.

The writer remarks, in regard to effects following the destruction of

forests,—" The soil when stript of the clothing which the forest

afforded, and exposed naked to the heat of the sunbeam, changes very

rapidly from the rich mould which the long-continued fall of the leaf

in the forest had made it, and becomes very unproductive. Had
occasional trees in the forest been left to give shade during part of

the day, the destination of the carbon in the mould would have been

to have been slowly converted into carbonic acid, and so to supply

food to the successive crops growing on the soil, as they required it.

But when the sunbeam is left to break in its full force on the soil all

* " Hydrology of South Africa " (p. 213).
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day long, it burns the cai'bon in the soil with great rapidity into

carbonic acid ; and this gas, unless there be in the soil some oxide

having an affinity to it to retain it, goes off in gas, injuring the

salubrity of the air perhaps, and at all events wholly impoverishing

the soil,—for carbonic acid is the principal food of all plants. The

same course of things it might be shown happens with regard to

ammonia ; and thus, both as itself the immediate food of plants and

as that which by oxidation yields nitre, ammonia is lost. Thus the

indiscriminate destruction of forest over any great breadth of country,

if that country has plenty of sunshine, is a great evil."

In correspondence with Dr Macvicar on the subject, he wrote to me,
—" As to the point to which you refer—the rapid generation in the

soil, and the vaporization from it of ammonia and carbonic acid,

under the impact of the tropical sunbeams and breezes—I do not

remember to have seen it dwelt upon by any writer, though both in

the writings of Boussingault and of Liebig it is implied ; and it is an

inevitable consequence of the eremacausis, or the slow combustion of

organic matter. It is familiarly verified by the process of bleaching.

Even with such sunshine as we have in this country the organic

matter which imparts colour to tissues is carried off much more

rapidly in the sunshine than out of it ; and it can only be carried oflf

as carbonic acid and ammonia : that is, it is not merely changed from

coloured to colourless, as is proved by the loss of weight which the

web has sustained when it is bleached. In this country we have

generally less sunshine than we require, and, except in fallows, the

surface of the soil is never left bare. Hence the effect of the impact

of the sunbeam has been but little considered. But from what I

have observed in the tropics, I am persuaded that its power of

affecting plant food in the neighbourhood, by the destruction of the

fertility of every surface that is left bare, is very great. It intensifies

to a wonderfal extent that action of the incumbent atmosphere by

which the carbon and hydrogen in the soil unite with the oxygen and

nitrogen of the air, and give moisture, carbonic acid, and ammonia
almost immediately after, if they be not utilized on the spot where

they are generated, dispersing all but that quantum which the soil

can retain at a temperature of perhaps liO° or 150° F., which is

not much."



CHAPTER III.

Effects of Forests on Marshes,

In studying the effects of forests on marshes there come under con-

sideration the drying up of marshes by the growth of forests, the

occasonal appearance of marshes on the destruction of forests, and

also the occasional destruction of forests by the creation of marshes.

The combined consideration of all of these phenomena may be

necessary to a satisfactory view of the first ; but this is susceptible

of satisfactory explanation by itself, and the second may be con-

sidered to be confirmatory of the first, and the third not otherwise

than accordant therewith.

And by the consideration of these several phases of the correlation

of forests and marshes, we may be prepared for the consideration of

the effect of forests, in drying up marshes upon a grand scale through

protracted ages, in rendering what was a marshy land so dry as to be-

come a fit habitation for man, of which Denmark supplies an illus-

tration.

Sect. I.

—

On the Drying up of Marshes on the Growth of Trees.

We have latterly been considering the effect of arborescent vegeta-

tion in preserving the humidity of the soil ; but we had previously

been considering the effects of forests in increasing the humidity of

the atmosphere ; and previously to that we had under consideration

the phenomena of vegetation on which meteorological effects of forests

affecting humidity of soil and atmosphere depend : moisture being

withdrawn from the soil by the spongioles of the root, transmitted by

the trunk to the branches and passed off into the atmosphere by the

stomates of the leaves.

It may seem paradoxical to speak of forests both drying up marshes

and keeping the soil moist ; but it is not more so than to speak of a

man blowing both hot and cold. There is a great difference between

moist soil and marsh. All moisture in excess of what can be retained

by shelter and shade and humus in the soil is free to be otherwise
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disposed of, and the eflfect of forests iu drying up marshes, viewed as

an isolated fact, may be proved as satisfactorily as any of the effects

of forests which have been under consideration.

I have already alluded to this effect in stating that the allegation

of the South African farmer, that the trees stole the water from the

water leadings, by the sides of which they were planted, was not

altogether without foundation, though the phenomenon on which his

opinion was founded was one which did not prove this, but proved

something very different.

We have had under consideration the fact that very extensive pro-

vision has been made for the evaporation of water from the leaves of

trees : in the case of one tree, the Lilac, so many as 160 thousand

stomates being found on eveiy square inch of the under surface of

the leaf. Whence is the moisture to be so evaporated obtained?

Mainly and almost exclusively, if not entirely so, from the ground.

It seems to follow that what the atmosphere thus gains the earth

must first lose, even though a portion of it may be subsequently

restored. And the quantity thus raised from the ground and given

forth to the atmosphere is very great.

Mr Marsh, whom I have already quoted elsewhere, states :
—

" The

present estimates of some eminent vegetable physiologists in regard

to the quantity of aqueous vapour exhaled by trees and taken up by

the atmosphere are much greater than those of former inquirers.

Direct and satisfactory experiments on this point are wanting, and it

is not easy to imagine how they could be made on a sufficiently

extensive and comprehensive scale. Our conclusions must therefore

be drawn from observations on small plants, or separate branches of

trees, and of course are subject to much uncertainty. Nevertheless,

Schleiden, arguing from such analogies, comes to the surpz'ising result

that a wood evaporates ten times as much water as it receives from

atmospheric precipitation. In the Northern and Eastern States of

the Union [America] the mean precipitation during the period of

forest growth—that is, from the swelling of the buds in spring to

the ripening of the fruit, the hardening of the young shrubs, and the

full perfection of the other annual products of the tree—exceeds, on

the average, 24 inches. Taking this estimate, the evaporation from

the forest would be equal to a precipitation' of 240 inches, or very

nearly 150 standard gallons, to the square foot of surface."

Startled by this, he questions the correctness of the conclusion at

which Schleiden had arrived ; but he states in a foot-note :
—" Pfaff',

too, experimenting on branches of a living oak, weighed immediately
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after being cut from the tree, and again after an exposure after tlwee

minutes, and computing the superficial measure of all the leaves of

the tree, concludes that an oak tree evaporates, during the season of

growth, eight and a-half times the mean amount of rainfall on an

area equal to that shaded by the tree." Corresponding observations

made by others are not awanting.

Marshal Vaillant writes :
—" Even the most humble plants, such as

chickweeds and meadow grasses, evaporate considerable quantities

of water. Independently of all the other actions, which ought not

to be overlooked, this is the chief cause why the abundant summer

rains make so little impression on our rivers. This is why the

gardener uses the hoe so carefully, and why he removes all weeds

which would exhaust the moisture of the soil.

" The intelligent gardener is not deceived, he knows that if any

weed has long numerous roots, like the triticum repens (couch grass),

they do more harm than others, because by spreading to a distance

they deprive a larger extent of ground of its share of moisture. This

is why a paillis, although on account of its dark colour it becomes

sooner warm than turf or other grass plants, does so much good to

cultivated vegetables, by not depriving their roots of moisture.

" The quantity of water exuded by rapidly-growing plants is far

greater than could be supposed possible by people who have not made

direct experiments ; it is especially plants of soft texture with hollow

stems that excite our surprise. A brauch of heiianthns anmms (a

sunflower), placed in a caraffe full of water, and exposed to the sun,

exhausts the water veiy rapidly ; thus this plant, with its far-

spreading roots, is a very dangerous neighbour to others, and we may

be thankful that the passage of water into the roots does not go on so

quickly as the evaporation by its leaves, otherwise the exhaustion

caused would be much greater than it really is. It is this difference

between the quantity of water transmitted from the soil to the roots,

and from the leaves to the air, that causes the latter to wither in warm

weather. Rain does not penetrate the leaves, but only diminishes

their evaporation, so that an equilibrium is re-established.

" If fi-om herbaceous plants or modest shrubs we turn to our large

forest trees, we may expect that, compared with the weeds of which

we have just spoken, they will transpire a great quantity of water,

which is probably in proportion to the number of leaves and their

extent of surface ; and it is our belief that this summer function of

the leaves is carried on by the trunk and branches during the whole
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year. Of the energy and rapidity with which water ascends through

the trunk of a tree, the operation called boucherie, for the preservation

of timber, affords a remarkable example. In a very short time a

poisonous liquid is transmitted from the base of the trunk to the ex-

tremity of the branches.

" From whence comes the water so rapidly transpired by the

foliage ] Certainly from the soil ; and as the roots of these vegetable

giants penetrate far—as some say, in some cases, to the same extent

as the branches—it is easy to understand how the ground becomes

dried up and incapable of supplying nourishment to plants of smaller

growth.

" It is therefore impossible for anything to thrive close to, or even

at a considerable distance from, the root of a tree. It is not only the

shade and the want of rain that hinders growth : indeed, plants at

some distance from a large tree are as much shaded as are those

close beside it, and the rain, which seldoms descends vertically,

always moistens such plants more or less, they are also refreshed by

the dew, and, nevertheless, they die or languish. It is because they

grow in a soil which is always dry and deprived of noui-ishing power.

Certainly the invitation addressed by the oak to the reed in the fable

bespeaks a good disposition ; but had it been accepted the poor reed

would soon have died of thirst. Its tall and powerful protector

would soon have dried up the damp borders of the kingdom of the

wind, which nature has appointed as the habitation of reeds.

" Whoever has uprooted old trees must have remarked to what a

great depth the earth around the roots is exhausted and dried up.

This state of things can be easily acounted for, after the particulars

of the following experiment may have been read.

" We placed in a large jug of water, as tightly closed up as possible

so as to hinder the effect of natural evaporation, the end of an oak

branch, 1"^ 40 centimetres [nearly 5 feet] long, and 4 centimetres

[nearly 2 inches] in circumference at its lower extremity. The

branch was cut off from a tree about 25°^ [upwards of 80 feet] high,

add 2™ 63 centimetres [about 9 feet] in circumference at 1°^ [40 inches]

from the ground

After tvfenty-four hours' exposure in the open air at a temperature

of 15° 7" [60° Fahr.] at the minimum, and 25° 7' [77° Fahr.] at the

maximum, the water in the vase diminished 510 grammes [18 oz.].

The sun was shining brightly. In forty-eight hours from the be-

ginning of the experiment the water in the jug had again lost 300

grammes [10^ oz.] of its weight. The sun had been very warm, the
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thermometer having risen to a maximum of 27° 7" [82° Fahr.], the

minimum having been only 10° 7" [57° Fahr.] ; the wind on this day

and the preceding had been from the north or north-east. Seventy-

two hours after the introduction of the oak branch into the water the

vase had again lost 140 grammes [5 oz.] of its weight. The weather

had been as lovely as the day before, the minimum of the temperature

having been at 12° 5" [54°] and the maximum 25° [77°]. Thus the

weight of water evaporated by the branch was, at the end of the first

day, 510 grammes, at the the end of the second, 810, and at the end of

the third, 950 [30 ounces]. The experiment was not carried further.

In the first place, because several of the leaves were withered and

incapable of performing their functions ; secondly, because the water

in the jug was beginning to be affected by being mixed with the sub-

stances which always are deposited by plants when placed in water,

" If we believe that all the leafy parts of a tree will act, as regards

the faculty of transpiration, like the leaves of the above-mentioned

branch : in other words, if we suppose that the quantities of water

expired by the entire tree were in like proportion, we arrive at the

astounding result that an oak like the one described will, in a summer
day, cause the evaporation of more than 2000 killogrammes of water,

more than two cubic metres, [or 440 gallons].

" We are not decided in regard to the value of our experiment, and

we see very well that our deductions are not free from objections ; but

it must be allowed that supposing that every one-half or one-quarter

of the estimated quantity be omitted, the quantity must greatly

exceed what might have been expected

" A forest should produce on the soil which it covers the eifect of

a large umbrella pierced in many places, it may be, but, nevertheless,

arresting and imbibing a certain quantity of rain, of which it deprives

the neighbouring soil. So long as the leaves ai-e imperfectly soaked,

no moisture reaches the ground ; and it can be easily imagined that

a moderate continuous rain would be entirely absorbed by natural

evaporation, and in effect the humidity of the air, even in damp
weather, never reaches the maximum of the hygrometer in the lower

atmospherical strata, and evaporation is never entirely suspended.

" If we further add to these causes of exhaustion that there is little

dew deposited under trees, it can be believed that the ground of a

forest is less favoured as regards the quantity of moisture received

from the heavens than that which is exposed to the open sky.

"And, nevertheless, it is an accepted fact, and that not without

good reason, that the neighbourhood of forests is cold and damp.
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This is far from astonishing when one thinks of the enormous volume

of water transformed by forests into vapour, and the quantity of heat

absorbed in this transformation. This heat must have been obtained

somewhere—perhaps from the soil of the forest and that of the

neighbourhood.

" In the same way, there should be great damp in the neighbour-

hood of forests, especially when the temperature is high, and it

cannot be otherwise on account of the enormous amount of water in

the form of vapour which is discharged by forests into the adjacent

atmosphere.

" This vapour is emitted in much greater abundance during the

day than during the night. Towards night, a little after sunset,

when the general temperature begins to fall, the transpiration not

yet having had time to slacken, and ascending into a colder air,

changes into visible fog, like our own breath in like circumstances

and this fog in its turn becomes a cloud on the following morning,

when the sun warms its particles ; but whether clouds or fogs they

will be carried away by the first breeze, to descend in showers far

from the place of their birth.

" It is evident that the rain of these showers, pumped up, in the

first place, by the tree-roots from the forest soil, if it be sometimes

restored to this soil it is only in part ; so that even in this respect we

can assert that, with regard to water, forests place the soil in a much

worse position than a crop of cereals.

" If these details as to the formation of forest-fogs be correct, such

fogs should be more frequent in calm weather, when the air is

naturally more moist, and especially when the contrast is greatest

between the cool of the evening and the heat of the day. The test

of conditions for the formation of thick forest-fogs is especially com-

plete, at least in our climate, towards the end of summer and the

first half of autumn ; and it is during this period that the phenomenon

is most frequent and noticeable.

" If the transpiration carried on by the leaves were coloured and

perceptible, it would be a grand sight to see great columns of vapour

ascending majestically into the air, diminishing by their height the

distance between the tops of the trees and the stormy clouds ; and as

this vapour facilitates the passage of electricity, by increasing the

moisture of the air with which it mingles, the frequency with which

isolated trees are struck with lightning can be accounted for. Per-

haps, also, if attention were turned to this point, the reason would be

discovered why so many people, taking shelter under trees, are struck
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by lightning. It is difficult to refuse to believe that these people

were not more exposed to danger in such a situation than if they had

remained in the open field."

These statements I give as the views advanced by Marshal Vaillant.

There are points on which my own views are somewhat different; but

with regard to the grand fact, that the emission of moisture by the

leaves of the forest is very great, we are at one.

With what is known of the affinity of humus and of clay for mois-

ture, it may be considered probable that not a little of the moisture

evaporated by the stomates may be re-absorbed by the soil, though

never precipitated as rain. But even supposing that this "should have

happened, not once, but times innumerable in the course of a specified

period—and thus much of the moisture evaporated should be sub-

stantially the same moisture, passing again and again and again

through the circuit, evaporated, passed through the stomates, ab-

sorbed by the air, thence absorbed by the soil, and thence absorbed

by the rootlets to be passed on by endosmosic action again to the

leaves, to go through the same round again and yet again— it is not

unreasonable to suppose that a large portion, a very large portion,

must be taken from the soil.

The experiments founded on by PfafF, like that of Marshal Vaillant's,

give the result of evaporation which could not have been sustained in

this way, for the branch was severed from the tree. I have no means

of verifying his calculation resulting in the conclusion that the quantity

of moisture passing out by the stomates in the time specified must have

been equal in quantity to eight and a-holf times the whole quantity of

rain which fell on the spot in the course of the period specified ; but

with what I happen to know of vegetable physiology his conclusion in

no way startles me.

By Dr Asa Gray it is remarked :
—" The quantity of water exhaled

from the leaves during active vegetation is very great. In one of the

well-known experiments of Hales, a sunflower three and a-half feet

high, with a surface of 5,616 square inches exposed to the air, was

found to perspire at the rate of twenty or thirty ounces avordupois

every twelve hours, or seventeen times more than a man. A vine,

with twelve squai'e feet of foliage, exhaled at the rate of five or six

ounces a-day ; and a seedling apple ti*ee, with eleven square feet of

foliage, lost nine ounces a-day. The amount varies with the degree

of warmth and dryness of the air, and of exposure to light ; and is

also very different in different species, some exhaling more copiously
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even than the sunflower. But when we consider the vast perspiring

surface presented by a large tree in full leaf, it is evident that the

quantity of watery vapour it exhales must be immense."

Of the moisture thus evaporated and passed into the atmosphere a

very great quantity must have been withdrawn from the soil and

dissipated, and thus even a marsh might in course of time be dried up.

Of this effect let me give one illustration, one which was communi-

cated to me by a distinguished agriculturist in Berwickshire, not less

distinguished for his knowledge of the science and literature of agricul-

ture than he is for the practical application he has made of the know-

ledge he possesses. On the farm in his possession, and which has been

long in the hands of himself and his family, there is a rising ground

at the base of which there was a piece of waste land, which, though

not a bog, was characterised by its large and luxuriant crop of rushes,

and into which sunk the feet of horses, if not of men, when they got

upon it, leaving footprints wet, if not filled with water, and there was

adjoining this a corner of enclosed cultivated land which it was

attempted to make dry by drains, but the attempt was vain.

Shortly after 1820 the top of the rising ground was planted with

firs and larch. The plantation covered a space of 20 acres. From

this time both the swampy waste land and the enclosed drained but

damp land became more dry, and at length became perfectly so.

Some forty years after the planting of these trees a furious gale pro-

duced great devastation in the plantation, uprooting or breaking over

most of the trees and leaving standing only here and there one. The

scene was unsightly, and ultimately the whole were felled and the

land cleared ; but immediately the low-lying ground became swampy

as before, and this was its condition when I visited the locality some

eight years thereafter.

The phenomena were accounted for by my friend and informant by

the supposition that there must have been a fissure in the rising

ground, from which the water oozed out, formerly and now ; but that

the rootlets of the trees, during the growth of these, absorbed the

moisture, and though their doing so may have increased the humidity

of the atmosphere enveloping the trees, it prevented the percolation

of the moisture into the ground below, which was previously so wet
;

but the removal of the trees allowed it, in oozing out, to descend to

the lower-lying soil as before.

To this explanation I offer no objection—an examination of the

rock alone would enable me to test the coiTcctness of it. At the
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same time, another explanation of the cause of the phenomena
suggested itself to me when the details were given, namely : that

before the rising ground was planted much of the moisture falling as

rain upon the upper part of it spread under the surface, being pre-

vented by rock or clay from sinking, and oozed out at the lower level

;

but after the plantation was formed less of the rain-fall reached this

impervious layer.

But in either case all may be accounted for without prejudice to

the doctrine now under consideration. The planting of the trees was

followed by the desiccation of the swamp ; the destruction of the

trees, by its restoration.

Sect. II.

—

On the Occasional Appearance of Marshes on the

Destruction of Forests.

In the case of the disappearance of a swamp on the planting of an

adjacent rising ground with trees, and the reappearance of the swamp
on the destruction of the trees, the one phenomenon may be con-

sidered the counterpart to the other, and both of them in accordance

with the exposition which has been given of the absorption of moisture

from the soil by the roots, and its emission into the atmosphere by

the leaves. Other cases of the destruction of woods having been

followed by the appearance of swamps have been brought under

my notice.

In Russia, some yeai's ago, in the course of conversation on the state

of the forests with an intelligent lady, the niece of a forest official, I

learned that there, as elsewhere, when ground is cleared of firs and

pines, as it often is by extensive fires, it often happens, so often that

in some districts it may be said that generally, there spring up birches

in great abundance ; and, she added, that in some cases the clearing

away of a wood converts the gi'ound on which it gi*ew into a morass,

which, when it is replanted, is commonly replanted with willows.

I accept the statement as made. I pass at present the growth of

birches where pi'eviously grew the pine and the fir, but with the

intention of reverting to it afterwards. I call attention to the morass,

and suggest the enquiry. How came it to pass that there was no

morass there before ?

I consider there was none before, most probably because all the

water which went to the subsequent creation and maintenance of the

morass which subsequently appeared was raised by the trees and

passed into the atmosphere, in accoi'danco with what has been
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advanced ; and that this was the case I have no doubt, But along

with this there may have been combined another operation, more

simple, mechanical, and intelligible, which must not be overlooked.

I have never heard particulars of a case which seemed to run

counter to the exposition which I have given, of which I have not

been able to show that it was compatible, or consistent, with the

supposition that the operation was such as I have supposed. But

there is another operation, noticed by Becquerel, to which Marsh

considers that sufficient importance has not, until very recently, been

generally ascribed, namely, the mechanical action of roots as con-

ductors of the superfluous humidity of the superficial earth to lower

strata. " The roots of trees," says he, " often penetrate through

sub-soil almost impervious to water, and in such cases the moisture,

which would otherwise remain above the sub-soil, and convert the

surface earth into a bog, follows the root downwards and escapes

into more porous strata, or is received by subterranean canals or

reservoirs. When the forest is felled, the roots perish and decay, the

orifices opened by them are soon obstructed, and the water, after

having saturated the vegetable earth, stagnates on the surface and

transforms it into ponds and morasses. Thus, in La Brenne, a tract

of 200,000 acres resting on an impermeable sub-soil of argillaceous

earth, which ten centuries ago was covered with forests, interspersed

with fertile and salubrious meadows, has been converted by the

destruction of the woods into a vast expanse of pestilential pools and

marshes. In Sologne the same cause has withdrawn from cultivation

and human habitation not less than 1,100,000 acres of ground, once

well-wooded, well-drained, and productive."

It is with the fact that such results have followed such proceedings

that we have to do. From the facts alone we may learn wisdom,

though we should be baffled in attempting to trace the process by

which the results have been produced, and explanations oftered by

others may appear to us unsatisfactory.

We have learned that food invigorates us and sleep refreshes,

and we act upon the knowledge of the facts, though we may be

unable to explain how it is that these results are produced. And

we find that thus the knowledge of these facts has been utilised in

Russia, where a morass appearing on the destruction of a forest is

replanted with willows. Pines and firs grew there before ; but

pines and firs would not grow now, and thus is brought before us

another view of the subject ; not only has the destruction of
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forests given rise to the appearance, on the spot or near it, of a

morass, but a morass otherwise produced has brought about a

destruction of forests.

Sect. III.

—

On the Occasional Destruction of Forests hy the Creation of

Marshes.

The cases of forests having been destroyed by the creation of

marshes are numerous. There is nothing in this which is otherwise

than in accordance with the views of the meteorological effects of

forests which have been advanced ; but it may be well that this

should be shown, and it may be not improper that in doing so the

phenomena should be brought under consideration in more than

one of the phases which they present.

I have, in the preceding section of this chapter, given my explana-

tion of the fact communicated to mo that in some cases in Russia

the clearing of the portion of a forest by a forest fire, or by a hm-ri-

cane, has been followed by the conversion into a morass of the ground

on which it grew ; and I have brought forward other facts suggestive

of how it may be that the results followed. But these exhaust not

the means by which morasses are produced in forest land.

In forests we meet with swamps which appear to have destroyed

trees growing on the spot, but wliich may have been themselves pro-

duced by the destruction of other trees through a process in no respect

similar to any which have been noticed.

I submitted the account I have given of the facts communicated to

me by my friend in Russia to an intelligent English engineer who had

resided much in the interior of the country, who was a man of careful

observation, one who reasoned on what he saw, and one from whom
I had received much information in regard to forests in Russia. He
returned my statement with the following annotation :

—" In the

interior there occasionally occur great hurricanes, tearing all before

them and blowing down large spaces of the forests, laying the trees

with their roots attached to them in all directions, and being in many

cases far from towns or villages the blown down trees are never

taken away, but decay where they have fallen, as I have seen. When
the ground is level, the little river is, from the fallen trees, raised in

its bed, or, as is often the case, is changed in its course. - There is

thus always more of the space kept longer under water in the spring

than formexly, and during the summer a rank vegetation springs up,
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which tends also to keep the ground damp and watery. This, along

with the decaying wood, soon gets into a complete marsh, and will

eventually become what is called in Britain a peat moss.

" In cases where these hurricanes have destroyed the forest near to

inhabitated districts, and the land is low-lying, the space is cleared

and turned often into meadow, which is what the Russians like—good

meadow land. Their method of getting the hay from the soft and

marshy land is to put it up into ricks in some raised part of the

meadow, inclose it round with a wicker fence, and when the winter

sets in they take it home in their sledges, in the same way as their

wood is all taken to its destination, advantage being taken then of

sledges on the snow, where there are often no roads in summer ; and

also in the winter time, the peasant farmers having nothing do on

their land are thus able to get their rye, etc., conveyed to the nearest

market ; and having then plenty of time, some of them go to the

large towns and factories, and woi*k there during the winter, returning

home in the spring, generally about the Easter holidays."

I have given the annotation entire, because to me it speaks

throughout of the abundance of moisture existing when the forests

have been destroyed. The allusions to what is done in leading rye and

leading wood speak of the abundance of water in the ground kept

comparatively dry by the forest, but accumulating when superficial

drainage is prevented.

My correspondent assumes, and not without reason, that in the

cases alleged the water level may have been raised by the damming

up of an outlet ; and I accept the explanation as one given by an

intelligent observer, living in the country and familiar with the facts.

His statement is suggestive of much which might illustrate the

operation of trees in drying marshy land, utilizing and dispersing the

excess of moisture, and fitting the land, otherwise comparatively use-

less to man, for bringing forth herbs meet for them by whom it is

dressed. But at present we have to do with the one fact that thus

also morasses may be produced, along with the eflfects referred to

;

and of this other illustrations may be given.

In the Northern States of America, and in the Dominion of

Canada, we meet occasionally with extensive patches of weird-like

trees, standing leafless and dead in a shallow waste of waters, miles

in extent, produced by the accidental or designed damming up of

some streamlet it may be by which it had previously been drained.

It nxay have occurred thi'ough some such accident as my friend iu
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Russia has suggested ; it may have occurred in connection with some

endeavour to divert into another channel the waters of the same or

some other water-course ; it may have occurred in consequence of the

damming up of some outlet from a lake which it was sought to

enlarge as a reservoir for the supply of a canal, or a mill-lade, or some

other purpose ; or it may have been the effect of the work of a

beaver, for cases of all such occurrences can be cited. But, however

produced, the consequence to that portion of the forest which is laid

under water, though only to the depth of one or two feet, is the same

—the trees are killed as if girdled by fire, or by the woodman's axe,

and, most probably, by a similar operation, through the decay and

destruction of the bark and sapwood at the water-liue, or between

wind and watei', promoted by alternate exposure to each by the

ripple, and the consequent severance of the communication between

rootlet and leaf, or it may be by such a severance being occasioned by
the rupture and decay of vessels through which that communication

was maintained.

A graphic sketch of the destruction thus wrought occurs in

an account given by Gosse of a forenoon's excursion, which he

made in Canada to the Bois Brule, a large tract of land which lay at no

great distance from his residence, but was so hidden in the recesses of

the woods, and so out of the way of any travelled road, that it was

not often visited except by the trapper. The first quarter of a mile

lay through what he calls a very rough slash. " Such a labyrinth of

fallen timber we had to penetrate," says he, " climbing over the

trunks, and scrambling through the dry branches of the prostrate

trees, often falling through ; and, to make the matter worse, these

were concealed by the tall Indian wickup, epiiobium latefolium, with

which the ground was absolutely covered, and, as the long seed-pods

were just bursting, our every movement dispersed clouds of the light

downy cotton, which, getting into our mouths and nostrils, caused us

considerable inconvenience. Presently we descended the steep bank,

and walked, or rather scrambled, up the rocky bed of the stream, by
means of the stones which were above water, though, as they were

wet and slimy, we occasionally wetted our feet. Thus we went on

sometimes in the stream, sometimes among the alders and underwood

of the banks, for about a mile and a-half. We were much surprised

in going up this brook, about a mile up, at coming upon a ruined

building, which had been erected over the stream at a craggy fall, the

timbers of which had fallen down, and some of them had been

carried a considerable distance down by the freshets. I supposed it
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must have been a mill, but wondered at its situation, so far from any

road. I have since been informed that it was a saw-mill, and that

there was a good road to it, but this road being now overrun with

bushes and young trees, escaped our notice. The mill has been disused

nearly twenty years. On the borders of the brook I met with seed-

vessels of the touch-me-not, imjMtiens nolli tangere, the handsome

sub-conic scarlet fruit of the white and the red death, triUium

pictum and T. foetidiim, the large umbelled bright blue berries

of smilachm horealis, and many others. In pressing through the

bush we got our clothes bedaubed with a nasty substance, which

we discovered to proceed from thousands of the aphis lanata (?)

which we had crushed ; they were so thickly clustered round

the branches of the alders as to make a solid mass half-an-inch

thick, covered with ragged filaments of white down. We were

getting tired of the ruggedness of our path, when we suddenly

came upon a new and very good bridge across the brook, made

of round, that is, unhewn logs, which connected a good broad

path, from which the fallen trees and encumbrances had been cleared

away, and which had evidently been used for drawing out mill-logs in

winter with sleds. This we followed. The sides of the road were

lined with the stumps of large spruces and hemlocks, which had been

felled the previous winter ; and the road itself was strewn with the

chips of the axe-men. The course lying through a cedar swamp, the

ground was mossy, and in some places wet ; here the scarlet stone-

berry was abundant, as well as the berries mentioned before. The

{ovaxer, fragaria canadensis, is a low and pretty plant, having a white

flower, resembling that of a strawberry, and four large oval green

leaves on the ground ; at present they were crowned with the little

cluster of bright red berries, which were ripe, and we ate many

—

they were farinaceous and agreeable. This plant is common in

Newfoundland. We continued to follow this patli till it appeared

almost interminable, though its tedious uniformity made it seem

longer than it really was, as I suppose we did not walk more than a

mile and a-half on it when I perceived by the increasing light among

the trees that we were approaching a large opening.

" We now pressed eagerly on, and found that we had reached the

borders of the Bride, which was not a clearing, as I had expected, but

was covei-ed with a stunted and ragged growth of moss-grown spruce,

from eight to twelve feet in height, exactly resembling the small

woods of Newfoundland. On the borders of the large marshes I

found also the same plants that inhabit such situations in that
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country, and which I now saw for the first time in Canada. I also

recognised numbers of another old acquaintance, an exceedingly

curious plant, the Indian cup or pitcher-plant, sarracenia purpurea.'^

Some of the plants he describes, and then goes on to say, " The road

by which we had approached did not enter the Brule, but merely

touching its edge, went straight on, entering the tall woods on the

other side. We penetrated a few roods into the Brule, to see if there

were any clearing, but could perceive no change in the ugly, dead,

half-burnt spruce, and therefore returned. This singular piece of

ground contains some thousands of acres, and is said to owe its origin

to the beavers, which were formerly numerous, damming up the

streams, which, overflowing and spreading over the flat-lands, killed

the growing timber. It is a resort of wolves, bears, and other wild

animals, though we perceived no sign of life in the stillness which

pervaded the solitude ; nor, indeed, in the whole journey, with the

exception of one or two little birds, which were not near enough to

be identified, and a few insignificant insects in the forest. Having

satisfied our curiosity we began to return as we came, until we

arrived at the bridge, when, instead of retracing the course of the

stream, we crossed the bridge and continued to pursue the road,

which, for some distance, led us through towering spruces and

hemlocks, as before. On a sudden the character of the woods

changed ; we found the sides lined with young maple, birch, beech,

&c., which met overhead at the height of about twelve feet, forming

a very perfect and regular continued Gothic arch, or rather a long

series of arches. This long avenue was the most pleasant part of our

walk, and the more so because it was quite unexpected. Wo
presently opened into a large field, which had been just mown, and

here we were rather laughably bewildered : the place was a terra

incognita ; we had never before seen it, nor could we recognise any

object, so as to guess at our whereabouts. There appeared to be no

outlet through the woods by which the field was environed. In one

part was the skeleton of an old log-house without a roof, and a

portion of the field was planted with potatoes. We at length saw

a path through to these potatoes, on which we walked till we came to

the brow of a hill from whence we perceived familiar objects. It

commanded an extensive view ; the beautiful and winding Coatacook

was at our feet with its bridge. Smith's mills and all that neighbour-

hood ; beyond a broad belt of the forest was visible Tilden's Tavern

and the road leading from Hatley to Sterbrooke, and the forest again

behind all. We now left the path, taking a short cut over the hill,
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coming down by Bradley's mill, and so home, much pleased, notwith-

standing the little disagreeables, with our little excursion."

In regard to the effects of the work of the beaver, it is remarked

by Marsh, " I am disposed to think that more bogs in the Northern

States owe their origin to beavers than to accidental obstructions of

rivulets by wind-fallen or naturally decayed trees ; for there are few

swarrps in those States, at the outlets of which we may not, by

careful search, find the remains of a beaver dam. The beaver some-

times inhabits natural lakelets and even large rivers like the

Mississippi, when the cun-ent is not too rapid, but he prefers to owe

his pond to his own ingenuity and toil. The reservoir once con-

structed, its inhabitants rapidly multiply so long as the trees, and

the harvests of pond lilies and other aquatic plants, on which this

quadruped feeds in winter, suffices for the supply of the growing

population.

" But the extension of the water causes the death of the neighbouring

trees, and the annual growth of those which could be reached by

cano.ls and floated to the pond soon becomes insufficient for the wants

of the community, and the beaver metropolis now sends out

expeditions of discovery and colonization. The pond gradually fills

up, by the operation of the same causes as when it owes its existence

to an accidental obstruction, and when, at last, the original settle-

ment is converted into a bog by the usual processes of vegetable life,

the remaining inhabitants abandon it and build on some virgin brook-

let a new city of the waters."

And he adds in a foot note :

—

" I find confirmation of my own

observation on this point (published in 1863) in the ' North West

Passage by Land,' of Milton and Cheadle, London, 1865. These

travellers observed * A long chain of marshes formed by the damming

up of a stream which had now ceased to exist,' chap. x. In chap. xii.

they state that ' Nearly every stream between the Pembina and the

Attrabasca—except the large river M'Leod—appeared to have been

destroyed by the agency of the beaver,' and they question whether

the vast extent of swampy ground in that region ' Has not been

brought to this condition by the work of beavers, who have thus

desti'oyed, by their own labour, the streams necessary to their own

existence.

" But even here nature provides a remedy, for when the process of

consolidation shall have been completed, and the forest re-established

upon the marshes, tho water now diffused through them will be
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collected in the lower or more yielding portions, cut new channels for

their flow, become running brooks, and thus restore the ancient

aspect of the surface.

" The authors add the curious observation that the beavers of the

present day seem to be a degenerate race, as they neither fell large

trees nor construct great dams, while their progenitors cut down trees

two feet in diameter and dammed up rivers a hundred feet in width.

The change in the habits of the beaver is probably due to the diminu-

tion of their numbers since the introduction of fire-arms, and to the

fact that their hydraulic operations are more frequently interrupted

by the encroachments of man.

" In the valley of the Yellowstone, which has but lately been much
visited by the white man, Hayden siw stumps of trees thirty inches

in diameter which had been cut down by beavers. *

" The American beaver closely resembles his European congener,

and I believe most naturalists now regard them as identical. A
difference of species had been inferred from a difference in their modes

of life, the European animal being solitary and not a builder, the

American gregarious and constructive. But late careful researches

in Germany have shown the former existence of numerous beaver-

dams in that country, though the animal, having become too rare

to form colonies, has of course ceased to attempt works which require

the co-operation of numerous individuals, t

" On the question of identity, and all others relating to this interest-

ing animal, see L. H. Morgan's important monograph, " The American

Beaver and his Works," Philadelphia, 1868. Among the many new

facts observed by the investigator is the construction of canals by the

beaver to float trunks and branches of trees to his pond. These

canals are sometimes 600 or 700 feet long, with a width of two or three

feet, and a depth of one to one and a-half."

It may be considered by some of my readers that the natural

history of beavers can scarcely be considered the meteorological

effects of foi-ests. The same may he alleged of all tliat is being

advanced in this chapter relating to the effects of forests on the

humidity of the ground. I deem it f)roper to treat the subject thus

freely, partly witli a view to anticipating h\u] obviating objcctioiiS

which may suggest themselves to conclusions drawn, and partly

* " Geological Survey of Wyoming" (p. 135).

t Schleiden :
" Fur Bomm wnd WaW Leipzig, 1870 (p. 68).

a
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because it is the effect on the soil of the meteorological effects of

forests which chiefly concerns us at present in the discussion of these.

Sect. IV.—On the Desiccating Effects produced on Marshes hy Forests

in Prolonged Periods.

Reference is made by Marsh to a recuperative operation, whereby

even the bog produced by the destruction of a forest regains, after a

time, its former aspect, and in this the desiccating effect of vegetation

comes again into play, promotes the work, and expedites the result.

In Denmark we see what may thus be accomplished. We there

meet with a land, which, at one or more periods of its existence as

land, must have been over a great extent of its surface covered by

morasses and marshes, and peat bogs, but which is now so dry as to

be habitable, and cultivated by man, giving him in return for his

labours fields of increase ; and the peat bogs supply extensive

indications that forests must have played an important part in

producing the change.

From Bogens Indrandring i de DansTce Sl:ove, by Chr. Vaupell, we

learn that a careful examination of the peat mosses in North

Sjrelland, which are so abundant in fossil wood that within thirty

years they have yielded above a million of trees, shows that these

trees have generally fallen from age and not from wind. They are

found in depressions on the declivities of which they grew, and

they lie with the top lowest, always falling towards the bottom of

the valley.

The origin of these bogs dates from pre-historic times ; but the

origin of other bogs has been studied, and the result has been given

in part in the preceding section.

Marsh, in his valuable treatise on " The Earth as Modified by

Human Action," which I have already cited, says, " Bogs generally

originate in the checking of water-courses by the falling of timber or

of earth and rocks, or by artificial obstructions across their channels.

If the impediment is sufficient to retain a permanent accumulation

of water behind it, the trees whose roots are overflowed soon perish,

and then by their fall increase the obstruction, and, of course,

occasion a still wider spread of the stagnating stream. This process

goes on until the water finds a new outlet, at a higher level, not liable

to similar interruption. The fallen trees not completely covered by

water are soon overgrown with mosses ; aquatic and semi-aquatic

plants propagate themselves and spread till they more or less com-
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pletely fill up the space occupied by the water, and the surface is

gradually converted from a pond to a quaking morass. The morass

is slowly solidified by vegetable production and deposit, then very

often restored to the forest condition by the growth of black ashes,

cedars, or, in southern latitudes, cypresses and other trees suited to

such a soil, and thus the interrupted harmony of Nature is at last

re-established."

In continuation of the passage I have cited, Mr Marsh goes on to

say, " In countries somewhat further advanced in civilization than

those occupied by the North American Indians, as in mediseval

Ireland, the formation of bogs may be commenced by the neglect

of man to remove from the natural channels of superficial drainage

the tops and branches of trees felled for the various purposes to

which wood is applicable in his rude industry ; and when the flow

of water is then checked, nature goes on with the processes I have

already described. In such half-civilised regions, too, wind-falls are

more frequent than in those where the forest is unbroken, because when

openings have been made in it for agricultural and other purposes

the entrance thus afforded to the wind occasions the sudden over-

throw of hundreds of trees which might otherwise have stood for

generations, and have fallen to the ground only one by one, as

natural decay brought them down. Besides this, the flocks bred by

man in the pastoral state keep down the incipient growth of trees on

the half-dried bogs and prevent them from recovering their primitive

condition."

Denmark supplies many illustrations of the eff"ect of vegetation,

herbaceous and arborescent, in filling up and drying up marshes in

prolonged periods extending back into pre-historic times.

By numerous successive growths of aquatic and semi-aquatic plants,

herbs, and trees, bogs have there been filled up and dried up in the

course of ages, and at length rendered, as now, so dry as to be fit

habitation for man. And simultaneously with what has been

eff"ected by the abstraction of water by the spongioles, and emission

of it by the stomates, an influence modifying the process of desiccation

otherwise produced, intensifying or moderating it, may have been

going on.

Marsh, citing as his authority a work by Wilhelm, entitled " Der

Boden und das Wasser," a work published in Vienna in 1861, and a

work by Krecke, entitled " Uet Kiiniat van Nederland" says :—The

relative evaporating action of earth and water is a very complicated
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problem, and the results of observatiou on the subject are con-

flicting. Schuobler found that at Geneva, the evaporation from

bare bo3e earth in the months of Dacember, January and February,

was from two and a-half to nearly six times as great as from a like

surface of water. In the other months, the evaporation from water

was from abuut one and a-lialf to six times as great as from the

earth. Taking the whole year together the evaporation from the

two surfaces was 19Jj-V lines from earth, and 536jV lines from

water. Experiments by Van der Steer, at the Helder, in the years

1861 and 1862, showed for the former year, an evaporation of 602'9

millimetres from water, 1399"6 millimetres from grounds covered

with clovers and othar grasses ; in 1862 the ev ipj;Mti)n from water

was SSlo millimetres; from grass-ground 87od." It is these latter

observations with which we have to do, and these indicate tliat from

the bog evaporation would proceed more rapidly than it would from a

lake of the same extent similarly situated.

Such seem, then, the effects of forests on swamps and of swamps on

forests. The moisture withdrawn from the ground and passed into

the atmosphere by the trees, if in excess of what is supplied from

a higher level, and of what also falls on the spot, as rain, snow, or

dew, must render them dry, and to the same extent produce the

meteorological effect of increasing the humidity of the air ; but at

the sams time, by shade, and by shelter, and by covering the ground

with fallen trees, and broken twigs, and by the humus produced from

the decay of these, the forests prevent extreme desiccation. And the

occasional appearance of marshes on the destruction of forests, even

when attributable to the stoppage of an outlet, may indicate what they

have thus accomplished.



CHAPTER IV.

On the Effects of Forests on the Moisture over a Wide
Expanse op Country.

The obaervatious which we have had under consideration show

that forests, in common with other products of vegetation, withdraw

moisture from the ground, and that they do so to such an extent as

to carry off the water of swamps and to prevent the formation of

these increasing the atmospheric moisture in their immediate vicinity

to such a degree that it may be felt, making houses damp, even in

their innermost chambers, and that it may be seen in clouds and fogs

and drizzling rain ; and yet, that they keep the soil moist compared

with the soil beyond their shade and shelter, wherever that shade

and shelter fall ; while the ground is at the same time enriched with

vegetable mould, the product of the fallen leaves and other debris.

But when we extend our study to the effects of forests on the

humidity of soil and climate over a wide expanse of country, we find

that observations have been made which seem to show that in some

cases the extensive destruction of forests, over a great expanse Ofl

country has not perceptibly affected the quantity of the rain and I

dew, and hail and snow, which has there fallen from heaven ; while,'

on the other hand, there are lands which were once populous and

fertile, but are now arid and sterile—the aridity of which is alleged!

to be the cause of their sterility, and to be a consequence of the;

destruction of forests.

On thus extending our field of observation we meet with additional

facts, which, if all the circumstances and conditions of each were

known, might be easily reconciled, notwithstanding apparently an-

tagonistic conclusions to which they sometimes seem to lead.

I shall cite some of the individual or separate facts which are

known, illustrative of the general facts now stated ; and either as I

advance or subsequently, as may appear at the time most important,

1 shall advert to the modus operandi of the means whereby the results

observed may have been brought about.
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Sect. I.

—

Cases in which the Extensive Destruction of Forests does not

appear to have Perceptibly Affected the Qicantity of the

Rainfall over a Wide Expanse of Country.

The subject of this chapter is the effect of forests ou the moisture

over a wide expanse of country, that of this section is only the

apparently negative effect, in certain cases of the extensive destruc-

tion of forests, ou the rainfall. Attention is called to the difference,

that it may be noted. The rainfall is treated neither as the source

nor as the measure of the moisture, but solely as one of the indications

of the humidity of the atmosphere, it being the indication of this to

which most importance is generally attached, and that which is most

generally referred to in popular discussions on the meteorological

effects of forests.

Both Em-ope and America supply illustrations of apparently little

effect having been produced upon the deposit of moisture in the form

of rain over a wide expanse of country by the extensive destruction

of forests.

n There are many indications of Europe having been formerly

covered much more extensively and densely with forests than now.

In France, the destruction of these forests within the last two

hundred years as well as before has been considerable, yet there does

not appear to have been within that time any very great diminution of

the rainfall over some extensive districts in which observations on the

i_rainfall have been made.

r' This point has been discussed at considerable length by M. Cezanne,

' in h.\%Sei£uel to JEtude szir les Torrents des Hautes Alpes, par Alexandre

Surell. It is mentioned by him that some writers on the subject, to

whom he afterwards refers more particularly, in endeavouring to demon-

strate the action of forests on the rainfall, have adduced as proof that

the destruction of forests, and the extensive plantation of these, have

both of them affected the regime of the rainfall in France; some, that

the rainfall has increased at Viviei-s contemporaneously with the de-

boisenient or destruction of forests on the mountains of the Cevennes
;

others, that it has increased at Bourdeaux contemporaneously

with the reboisement, or replanting of forests, on the Laudes : facts,

if facts they be, which, though not incompatible with each other,

tupint to different conclusions. In reference to these observations,

M. C6zanne writes :
—

" If facts of this kind were clearly established,

they would be uuauswerabie ; but before aduiittiug them we must
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betake ourselves to the records of the rainfall and enquire -whether

either of these t;wo conflicting assertions have any value.

" In France, the earliest series of pluviometric observations is that

f VOhservatoire. It was begun in 1689 by Phillippe de la Hire, in

accordance with an express order given by Colbert to the Academy,

in view of the requirements of the hydraulic works at Versailles, to

ascertain what quantity of water the rain falling on the plains around

could supply to the projected reservoirs.

" It has been repeatedly inteiTupted, and again resumed. And
a summary of the record is given in the following table, taken

from a valuable collection of pluviometric observations publi shed

by M. Raulin, Professor of Geology in the Faculty of Sciences at

Bourdeaux :—

*

TABLE OF MEAN ANNUAL RAINFALLS IN DECADES, ACCORDING TO THE V
PLUVIOMETRE ON THE TERRACE OF THE OBSERVATORY AT PARIS.

Periods. Number of Years. Rainfall. Difference. Names of the Observers.

1688-1700 10 517-
)

1701-1710 10 480-6- 36-4 V Lahire, 1688 to 1718.

1711-1720 10 464-9- 15-7
j

1721-1730 10 378-3- 86-6),, n- n r i v i,

1731-1740 10 411- + 32-7
(.^iarfiltli,^^r^ncljean^deFouchy,

1741-1750 10 425-5+ 11-5
r 1709 to 1754.

Y IJ^aurat, Alex. Bouvard, 1773-

.2
j

1798.
1781-1790 10 506-9- 32

1791-1798 8 413-7- 93

1804-1810 7. 518-3 + 104-6
]

1811-1820 10 496-5- 21-8
|

1821-1830 10 498-6+ 2-1
1 „ , , t a7 •

1831-1840 10 509-3+ 10-7
Bouvard, Arago, Le Verner.

1841-1850 10 529-3+ 20-

1851-1860 10 520-3- 9-
J

" The column of difference shows that the variation followed no law

of continuity. The long-continued series of observations presents us

with three separate periods, and these give respectively for the annual

mean, during 65 years, 1688 to 1754, 448-6 millimetres; 26 years,

1773 to 1798, 489-6; 57 years, 1803 to 1860, 512-0.

" Many authors have appealed to these numbers to prove that the

rainfaU in Paris is now [not less, but] greater than formerly; but this

has been met by the following considerations : In pluviometric observa-

* Bourdeaux, Chaumas. 1864,
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tions all errors made are errors of deficiency, arising fr'^m the escape

of water by evaporation, by infiltration, by spilling, and from neglect,

etc. ; and doubtless the first observers did not attach any great im-

portance to those measures which, in the absence of other correspond-

ing observations made elsewhere, could not lead to any generalization.

"Thus Father Cotte, quoted by M. Raulin, writes in 1804 :— * I

may observe that the udomfetre used at the Observatory of Paris has

been found to be so defective that they have been obliged to give up

the use of it for some years ; they have now set up a new one, which

is much more exact. The water is received and measured on the

platform of the building, 27 metres [90 feet] above the ground, instead

of measuring it, as formerly, in one of the apartments on the first

storey, so that it ran through a pipe 63 feet long from the platform

where it was received to the reservoir, which necessarily occasioned

a loss.'

" From these different causes it is impossible to compare satis-

factorily the series of observations from 1688 to 1754 with the series

made from 1803 to 1860. It is possible that if the two series of

observations had been made with the same instrument, and with the

same precision, the latter might have shown a diminished instead

of an augmented mean,

" Arago said, on this subject, in 1853* :
—

' There is no reason to

suppose that the climate of Paris is either more or less raiuy than it

was 150 years ago. The small augmentation presented by the

numbers in the later groups do not in fact exceed variations observ-

able in the earlier periods.'

" It is known that in 1817 a second udomfetre was placed on the

ground of the court, and that ever since it has constantly received

quantities of water a little in excess of what was received by that on

the terrace, as may be seen from the following numbers :

—

Measurement of Water Annually

Period. Received Proportion.

On the Terrace. On the Ground,

a b a-b.

millimetres. mm. mm.

1821-1830 498-6 5519 110
1831-1840 509-3 584-8 1-14

1841-1850 529-3 627-8 MS
1851-1860 620-3 577-1 1-40

* Arago :
" (Euvres completes Melanges (p. 420).
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" It was long believed that this difference was owing to this—^that

the drops of rain increased in bulk by aggregation during their fall

;

it is agreed now that the relatively lesser amount collected in

the pluviom^tre on the terrace is attributable to atmospheric eddies.

But, if it be so, the topographical modifications to which the vicinity

and approaches to the Observatoire have been subjected since 1688

may suffice perhaps to explain the augmentation of the actual means.

This idea naturally suggests itself when astronomers are heard com-

plaining that, in consequence of the multiplication of street cari'iages

and other conveyances, of gas lights and of hells, certain researches

have become impossible in the Observatoire of Paris, so that it is

necessary to remove it to the country, and it is imperatively

necessary to decentralize the study of astronomy.

" In short, it may be admitted in regard to Paris, that if the

rainfall be different from what it was during the last century, the

variation is so inconsiderable that doubts are entertained as to what

the character of the variation is."

Similar comments are made on observations made at Bourdeaux.
" The observations which we possess for the city of Bourdeaux are

summarised in the following table, the numbers given in which are

taken, in like manner, from the valuable collection of M. Raulin :

—

TABLE OF MEAN ANNUAL RAIN-FALLS AT BOURDEAUX, IN DECADES.

Periods. Number of Tears. Rain-fall. Difference. Names of the Obserrers.

1714-1720 7 659-1
]

1721-1730 10 737-5-f- 78-4
|

1731-1740 10 735-1- 2-4 ^ , ,, ,

1741-1750 10 693-6- 41-5 \
Sarreau, father and son.

1751-1760 10 670-0- 23-6
|

1761-1770 10 647-8 - 22-2
J

1776-1786 10 641-9- 5-9 Guyot and De la Mothe.

1842-1850 8 849-2-^207-3) ...
1851-1860 10 795-2- 54-8/

^'^"^•

1851-1860 10 820 Petit-Laffitte.

General average, 719 millimetres.

" The column of differences here shows still that the variations do

not follow a law of continuity. For the first series of 67 years the

annual mean is 684-7 millimetres, while for the new series,

1842-1860, this mean rises to 820, an augmentation of 20%.
H
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S%,"Aa(i it is remarkable in this table that for the years 1851-

1850, two diflferent observers obtained quantities of water notably

diflfere nt."

The work, of M. Raulin presents other examples of such anomalies.

To these I shall afterwards have occasion to refer in the further pro--

secution of the study of the subject ; but from the recorded observa-

tions, the destruction of forests in the districts I named does not

appear to have greatly afifected the deposit of moisture throughout

the districts referred to.

Corresponding results have been yielded by a study of the records

of observations made in the United States of America.

In North America we have a country which within comparatively

recent times was extensively covered with forests in regions which

have now been in a great measure cleared of them. To observations

which may indicate any changes upon the rainfall over extensive

districts which may thus have been produced attention has been

given, and is being given, by the Smithsonian Institution, under the

direction of the Secretary, Professor Joseph Henry, at Washington.

Under his direction there are being collected, collated, tabulated, and

otherwise utilised, meteorological observations made throughout the

United States, observations made at sea, and collected at the United

States Naval Observatory, observations made by Arctic and Ant-

artic explorers, and observations made at several hundred stations in

other parts of the -woi'ld.

Observations on the winds of North America have been tabulated

and published, and have been largely made use of by the English

Board of Trade in constructing wind charts of the Northern Ocean.

In 1872 Professor Coffin was engaged in the tabulation of observa-

tions in parallel zones of latitude 5° in breadth, the whole world over,

from the North Pole to the South. And at that time it was reported

by Professor Henry :

—

" The temperature observations are still in progress of reduction,

two computers being engaged upon the work. The progress of their

labours has, however, frequently been interrupted by calls from

diflferent portions of the country for reports on the climate of

diflferent districts.

" The following is an account of the present condition of this part

of the general reductions :

" The collection and tabulation, in the form of monthly and

annual means, of all accessible observations of the atmospheric tern-
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perature of the American continent and adjacent islands, have been

completed to the close of the year 1870, and extensive tables

representing the daily extremes, or the maximum and the minimum

at the regular observing hours, have been prepared.

" An exhaustive discussion of all the observations available for the

investigation of the daily fluctuations of the temperature has been

made, and this part of the work is now ready for the printer.

" The discussion of the annual fluctuations of the temperature has

been commenced and carried as far as the present state of other parts

of the discussion would permit.

" The construction of a consolidated table giving the mean results,

from a series of years, for each month, season, and the year, at aU

of the stations, which will probably exceed 2,500 in number, has been

begun and completed for that part of the continent lying north of the

United States, and also for several of the States. This is perhaps the

most laborious, as it is one of the most important parts of the dis-

cussion. In many of the large cities there are numerous series, made
by various observers, at difterent hours, all of which have to be

brought together, corrected for daily variation, and combined to

obtain the final mean. To give some adequate idea of the time and

labour involved in the preparation of these tables, it may be

mentioned that, in the State of New York alone, there are about

three hundred series, which are derived from nearly two million

individual observations.

" The principal sources from which the general collection of

results has been derived, may be enumerated as follows :

—

" 1. The registers of the Smithsonian Institution, embracing

upward of three hundred large folio volumes.

" 2. The publications of the Institution, Patent -Oflice, Department

of Agriculture, and public documents.

" 3. All the published and unpublished records of the United

States Army, United States Lake Survey, and United States Coast

Survey.

" 4. The large volume compiled by Dr Hough, from the observa-

tions made in connection with the New York University System,

the records made in connection with the Franklin Institute, and

those obtained from numerous observatories and other scientific

institutions.

" 5. The immense collection of printed slips, pamphlets, manu-

scripts, &c., in the possession of the Smithsonian Institution.

" The work has been somewhat retarded by the collection and
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" Beside the discussion of the observations on temperature, rain,

and wind, there remain those relative to the pressure of the atmos-

phere, and its humidity ; also those which are classed under the head

of casual phenomena, such as thunder-storms, tornadoes, auroras,

meteors, early and late frosts, progress of vegetation, opening and

closing of rivers, »fec. These will be put in hand as soon as the funds

of the Institution which can be devoted to meteorology will permit

the requisite expenditure."

From this statement some idea may be formed of the magnitude of

the work, of the extent of the resources provided for the prosecution

of it, and of the energy with which it was being carried out.

The documents by Dr Hough, referred to, were published in two

large volumes, the first entitled '' Results of a Series of Meteorological

Observations, made in obedience to instructions from Regents of the

University of the State of New York, from 1826 to 1850 inclusive,"

and the second entitled " Second Series of Meteorological Observa-

tions, embi-acing Observations from 1850 to 1863, with Records of

Rainfall, and other Phenomena, to 1867 inclusive."

In 1S72 were publishel " Tables and Results of the Precipitation

in Rain and Snow in the United States, and at some Stations in

Adjacent Parts of North America, and in Central and South

America," collected by the Institution, and discussed under the

direction of Professor Henry by Mr Charles A. Schott. And, in an

examination of these, I fail to discover any intimation of any change

in the quantities of rain falling having followed the clearing of any

district from wliich observations were collected, and the stations were

790 in number.

Simaltaaeoasly with the collecting of these observations by the

agents of the Smithsonian Institution, special attention was being

given by Mr Draper, Director of the Meteorological Observatory in

the Central Park of New York, to the alleged effects of forests and of

the destruction of these on the rain-fall. And in his report to the

Board of Commissioners of the Department of Public Parks for the

san;ie year, 1871, he makes the following statement, in reply to the

question, Does the clearing of land increase or diminish the fall of

rain :

—

" Much solicitude is publicly felt as regards the supposed di-

minished quantity of water which fell last year, a point of the

highest concern. Tliere is a general impression that this alleged
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tlelirieiicy wa.s i.i >ucli an nun'inii ;is to t'ii(l;iii;:iT a ihio .sup[>l_v ii> the

t'ity for the current year. Aiul nut only HiiK, it Iiuk also been

asserted that, for several years past, there has been a steadily

occurring diminution in the rainfall. Whilst the quantity of water

has thus been becoming less and less, the demand has been becoming

greater. Not only has the population of the city increased, but also

that of the suburban districts, which derive their supplies from the

same water-gathering grounds that we do.

" I therefore supposed, since our registering rain-gauge furnishes

very reliable measures, that it would be useful to examine this sub-

ject critically. But since we have had these gauges in operation only

about three years, and as the investigation proved to be full of

interest, I was led to draw upon other additional sources of informa-

tion, selecting such as seemed to be of the most trustworthy kind.

By the aid of these, the examination has been extended as far back

as 1836, and tvith the following results :

—

" 1st. As respects the indications given by our own instruments,

which may be thoroughly relied on for the years 1869, 1870, 1871.

" For the first of these years, 1869, the total rainfall was 46*82

inches, distributed as follows : During the first quarter, 15-06 inches

;

second quarter, 10*24; third quarter, 7*72; fourth quarter, 13"80

—

total, 46-82.

" For 1870, the total rainfall was 42-32 inches, distributed as

follows: During the first quarter, 12-86 inches; second quarter,

10-29; third quarter, 9-39; fourth quarter; 9-78—total, 42-32.

For 1871, the total rainfall was 52-06 inches, distributed as

follows: During the first quarter, 10*33 inches; second quarter,

14-12; third quarter, 14*21
; fourth quarter, 13-40—total, 52-06.

" So far as these years are concerned there does not appear any

evidence of a decrease. On the contrary, in the last there is a very

considerable excess over either of the others.

" Extending our examination to preceding years as far back as the

beginning of 1836, and grouping those years into three periods each

of ten, and one of six years, the statement comes to this : First

period, from 1835 to 1846, 39-5 inches ; second period, from 1845 to

1856, 47-0; third period, from 1855 to 1866, 52-0; fourth period,

from 1865 to 1872, 52-0. This would make the annual rainfall

throughout these 36 years, 47*62 inches. That of the last three

years 47-06.

"These numbers being substantially the same, it may be con-

cluded that, though there are large variations from year to year, as
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shown by a synoptic table, these, on the whole, will neutralize one

another when veiy long periods of time are considered,

" In the foregoing tables the numbers from 183G to 1854, inclusive,

are derived from the observations made by the Military Ofl&cers at

Fort Columbus, New York Harbour ; those for the next twelve years

are from the records of Prof. Morris, in Kew York City ; and the

remainder are from the registers of this observatory. It is of course

assumed that the rainfall at Fort Columbus, that in New York City,

and that in the Central Park are the same, an assumption which is,

I suppose, under the circumstances, admissible.

" The amount of rainfall not only influences in a predominant

manner the growth of plants, and, therefore, agricultural pursuits

determining the pi'ofitable cultivation of many different crops, but it

also exerts an influence on several manufacturing operations. If,

therefore, the above statement be correct, no apprehension need be

entertained of a permanent disturbance in these particulars. Al-

though in the last thirty-six years great changes have been made in

all those portions of the United States intervening between the

Mississippi and the Atlantic Ocean, large surfaces having been cleared

of the primeval forests and brought under cultivation, their physical

character and aspect having therefore been essentially altered, no

corresponding diminution can nevertheless be traced in the mean

amount of water that has fallen. On the contrary, as seen in the table

given and in the synoptic chart, there has been an actual increase. It

appears, therefore, that the wide-spread public impression that the

cleai-ing of land diminishes the volume of rain is not founded on fact,

and iu truth this is na more than might have been expected from a

con-ect consideration of the meteorological circumstances under which

rain is produced.

" It is the belief of European Meteorologists that the mean rainfall

on the western portion of that continent varies little, if at all, when

periods of many years are considered. In England there are rainfall

records reaching back to 1677. Since 1725 these records are un-

broken ; at present there are more than 1,500 rain-gauge stations in

that country. The Scotch observations extend to 1731, the Irish

to 1791.

" A discussion of the observations made at the Koyal Observatory

at Greenwich, in 1859, led to the conclusion that the annual fall of

rain, as compared with that previous to 1815, was becoming smaller;

but more extended observations, taken from gauges at stations widely

separated, led to the opposite couclusion, viz., that there was a per-
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feet compensation, the decrease at one place being compensated by

the increase at another.

"This conclusion was strikingly illustrated by the Continental

observatories. The rainfiill at Paris was found not to have altered

in 130 years, and though the observations of fifty years at Marseilles

gave a decrease, those for fifty-four years at Milan gave an increase.

" Even in the same locality this principle of compensation may be

noticed. Thus the rainfall in England, in the ten years from 1850

to 1859, was found by Mr Symons to be five per cent, less than

during the previous forty years, but during the following six years it

was five per cent, above the mean of the preceding ten.

" It may, however, be supposed that conclusions which apply to

the old-settled countries of Europe, in which but few important topo-

graphical changes, through agricultural or other operations, have

taken place for many years, will scarcely apply to America, wherein

the clearing of land and agriculture surface-changes have been occur-

ring on a very extensive scale. The foregoing conclusions, however,

show us how insigaificant is the meteorological result which these

variations produce."

The observations are cited as evidence that there are cases in

which the extensive destruction of forests does not appear to have

perceptibly afi'ected the quantity of the rainfall over a wide expanse

of country ; and these observations are brought forward as

observations not less necessary to be taken into account, in

considering the effects of forests on the humidity of the climate,

than are those which have previously engaged our attention.

Sect. II.

—

Cases in ivhich tlie Extensive Destruction of Forests

ap'pear to have been folloioed by a marked Desiccation

of Land and Aridity of Climate.

Lawyers have been credited with the boii mot that the case being-

altered that alters the case, but the principle holds true in science

as well as in law ; and it seems to be a truth of universal application.

Along with the recorded observatiuns which have been cited as cases

in which the extensive destruction of forests does not appear to have

perceptibly affected the quantity of rain falling over a widely^

extended country, there are other cases in which the extensive

destruction of forests appears to have been follovyed by a marked

desiccation of land and aridity of climate ; and these are sqj
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uumerous as almost to justify the declai-ation that, in times past,

wherever civilised man has gone, what he found a wilderness he has

left a desert, dried up and desolate, through the reckless destruction

of the forests and the bush.

In treating of the hydrology of South Africa, of the former hydro-

graphic condition of the Cape of Good Hope, and of the causes of its

present aridity, I have given copious details in regard to the destruc-

tion of herbage and trees which has been going on in South Africa

(from the time when it was first visited by Europeans to the present

('(pp. 167-170), with details of the condition to which forests have been

reduced by reckless felling of timber trees (pp. 171-175), with details

of the extensive destruction of forests by fire (pp. 175-194), and with

details of the consequence of the destruction of herbage and trees on

the desiccation or diminution of the water supply in thfi basin of the

Orange River, given by Mr J. Fox Wilson in a paper read before the

Royal Geographical Society, with remarks on the same by Dr Living-

gtone. Sir Roderick Murchison, Dr Kirk, Mr Galton, Colonel Balfour,

and Lord Stratford de Redcliflfe (pp. 197-207), and corresponding

testimony by Dr Rubige, and others, at the Cape of Good Hope.

Of the extreme aridity of South Africa, beyond the colonized

portion of it, I have given illustrations in accounts given by Dr

Livingstone of his experience at Kolobeng, in accounts given of the

great suSerings of Mr Helmore and his family in travelling in the

interior, under which the whole of them succumbed and perished,

and in accounts given by Mr M'Kenzie of his experience in travelling

to Shooseng (pp. 216-223), and in accounts given by Dr Moflfat of

his experience in a journey to Griqua Town (pp. 253-256) ; and of

the aridity of soil and climate within the colony I have given corre-

sponding illustrations in the same volume (p. 8 and p. 227).

In bringing forward these facts thus detailed I made obvious my
belief that though only the sequence of desiccation to the destruction

of forests and herbage and grass could be proved, they were connected

as cause and eflfect. Such was also the opinion of, I believe, all

whose testimony I thus adduced. To establish this point was the

object of the paper prepared for the Geographical Society by Mr Fox

Wilson ; and thus has Dr Moffat borne testimony to the fact : he

'relates that on his settlement at Latakoo, " The natives were wont

to tell of the floods of ancient times, the incessant showers which

clothed the very rocks with verdure, and the giant trees and forests

which once studded the brows of the Hamhana hills and neighbour-

ing plains. They boasted of the Kurun:an and other rivers, with
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their impassable torrents, in which the hippopotami played, while the

lowing herds walked to their necks in grass, filling their mahckas

(milk sacks) with milk, making every heart to sing for joy." And he

mentions that, " Independent of this fact being handed down by their

forefathers, they had before their eyes the fragments of more fruitful

years in the immense number of stumps and roots of enormous

trunks of acacia giraffce, where now scarcely one is to be seen raising

its stately head above the shrubs ; while the sloping sides of hills

and the ancient beds of rivers, plainly evinced that they were

denuded of the herbage which once clothed their surface. Indeed,

the whole country north of the Orange Eiver lying east of the

Kalagari desert, presented to the eye of a European something like

an old neglected garden or field." Dr Moffat found no difficulty in

accounting for this. " The Bechuanas, especially the Batlapis, and''

the neighbouring tribes," says he, " are a nation of levellers ; not
^

reducing hills to comparative plains, for the sake of building their

towns, but cutting down every species of timber, without regard to

scenery or economy. Houses are chiefly composed of small timber,

and their fences of branches and shrubs. Thus, when they fix on a

site for a town, their first consideration is to be as near a thicket as

possible. The whole is presently levelled, leaving only a few trees,

one in each great man's fold, to afford shelter from the heat, and

under which the men work and recline.

'' The ground to be occupied for cultivation is the next object of

attention. The large trees being too hard for their iron axes, they

burn them down by keeping up a fire at the root. These supply

them with branches for fences, while the sparrows, so destructive to

their grain, are thus deprived of an asylum. These fences, as well

as those in towns, require constant repairs, and, indeed, the former

must be renewed every year; and by this means the country for

many miles around becomes entirely cleared of timber ; while in the

most sequestered spots, where they have their outposts, the same

work of destruction goes on. Thus, of whole forests, where the

giraffe and elephant were wont to seek their daily food, nothing]

remains.

" When the natives remove from that district, which may be after

only a few years, the minor species of the acacia soon grows, but the

acacia giraffte requires an age to become a tree, and many ages must
pass before they attain the dimensions of their predecessors. In the

course of my journeys I have met with trunks of enormous size,

which, if the tirae were calculated necessary for their growth, as well

I
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as their decay, one might be led to conclude that they sprung up
immediately after the Flood, if not before it. The natives have also

the yearly custom of burning the dry grass, which on some occasions

destroys shrubs and trees even on the very summit of the mountains.

To this system of extei-mination maybe attributed the long succession

of dry seasons." " To the same cause," says he, " may be traced the

diminution of fountains, and the entire failure of some which formerly

afforded a copious supply, such as Griqua Town, Campbell, and a

great number of others which might be mentioned. It has been

,
^remarked that since the accidental destruction of whole plains of the

^N^ Olea similis (wild olive) by fire, near Griqua Town, as well as the

t diminishing of large shrubs on the neighbouring heights, a gradual

L decrease of rain has succeeded in that region."

In treating of these, the secondary causes of the desiccation of

South Africa, I had occasion to quote, from Marsh's treatise on " The

Earth as Modified by Human Action," the following statement, which

I followed up with the remarks and quotations from the same and

other authors, which follow :

—

" ' Whenever a tract of country, once inhabited and cultivated by

man, is abandoned by him and domestic animals, and surrendered to

the undisturbed influences of spontaneous nature, its soil sooner or

later clothes itself with herbaceous and arborescent plants, and at no

long interval with a dense forest growth. Indeed, upon surfaces of a

certain stability, and not absolutely precipitous inclination, the

special conditions required for the spontaneous propagation of trees

may all be negatively expressed, and reduced to these three :

—

exemption from defect or excess of moisture, from perpetual frost,

and from the depredations of men and browsing quadrupeds. When

these requisites are secured, the hardest rock is as certain to be over-

grown with wood as the most fertile plain, though for drier seasons

the process is slower in the former than in the latter case. Lichens

and mosses first prepare the way for a more highly organized vege-

tation. They retain the moisture of rains and dews, and bring it to

act, in combination with the gases evolved by their organic processes,

in decomposing the surface of the rock they cover ; they arrest and

confine the dust which the wind scatters over them, and their final

decay adds new material to the soil already half-formed beneath and

upon them. A veiy thin stratum of mould is sufficient for the

germination of seeds of the hardy evergreens and the birches, the

roots of which are often found in immediate contact with the rock,
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supplying their trees with nourishment from a soil deepened and

enriched from the decomposition of their foliage, or sending out long

rootlets into the surrounding earth in search of juices to feed them.'

" But with all the provisions which have been made for the produc-

tion of forests, and for the restoration of small portions which have

been destroyed, it is possible for man to counteract these ; and he

has done so. But what have been some of the consequences which

have followed 1

" According to a summary of some of these given by Marsh, ' With
j

the extirpation of the forest all is changed. At one season the earth

parts with its warmth by radiation to an open sky ; receives, at

another, an immoderate heat from the unobstructed rays of the sun.

Hence the climate becomes excessive, and the soil is alternately

parched by the fervours of summer, and seared by the rigours of

winter. Bleak winds sweep unresisted over its surface, drift away

the snow that sheltered it from the frost, and dry up its scanty

moisture. The precipitation becomes as irregular as the tempera-

ture ; the melting snows and varied rains, no longer absorbed by a

loose and bibular vegetable mould, rush over the frozen surface, and

pour down the valleys seawards, instead of filling a retentive bed of

absorbent earth, and storing up a supply of moisture to feed

perennial springs. The soil is bared of its covering of leaves, broken

and loosened by the plough, deprived of the fibrous rootlets which

held it together, dried and pulverized by sun and wind, and at last

exhausted by new combinations. The face of the earth is no longer

a sponge, but a dust heap ; and the floods which the waters of the

sky poured over it hurry swiftly along its slopes, carrying in suspen-

sion vast quantities of earthy particles, which increase the abrading

power and mechanical force of the current, and, augmented by the

sand and gravel of falling banks, fill the beds of the streams, divert

them into new channels, and obstruct their outlets. The rivulets,

wanting their former regularity of supply, and deprived of the

protecting shade of the woods, are heated, evaporated, and thus

reduced in their former currents,—but swollen to raging torrents in \

autumn and in spring.

" ' From these causes there is a constant degradation of uplands,

and a consequent elevation of the beds of water-courses, and of lakes,

by the deposition of the mineral and vegetable matter carried down
by the waters. The channels of great rivers become unnavigable,

their estuaries are choked up, and harbours which once sheltered

large navies are shoaled by dangerous sand-bars.'
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" The earth stript of its vegetable glebe grows less and less

productive, and consequently less able to protect itself by weaving a

new net-work of roots to bind its particles together, a new carpeting

of turf to shield it from wind and sun and scouring rain. Gradually

it becomes altogether barren. The washing of the soil from the

mountains leaves bare ridges of sterile rock, and the rich organic

mould which covered them', now swept down into the dark low

grounds, promotes a luxuriance of aquatic vegetation that breeds

fever and more insidious forms of mortal disease by its decay, and

thus the eai'th is rendered no longer fit for the habitation of man. . .

" The effect of the destruction of forests upon the climate has been

questioned, but the facts remain. And so has it been seen again and

again in the history of the nations. The term savage, from its etymo-

logical derivation, speaks of a sylvan life ; and from the sylvan or

savage life to that of the civilized or city life, the progress of man

may be traced, to some extent, by the destruction of forests. The

one has, until attention was given to consequences which have

followed the destruction of forests, been the accompaniment or com-

plement of the other, operating sometimes as a cause, manifesting

itself sometimes as a consequence—if both be not con-sequences of a

common cause. But it is possible that the destruction of forests may

be carried too far. According to the testimony of Dr Hooker, cited

in the preface, ' In the estimation of an average Briton forests are of

infinitely less importance than the game they shelter, and it is not

long since the wanton destruction of a fiae young tree was considered

a venial offence compared with the snaring of a pheasant or rabbit.

Wherever the English rule extends, with the single exception of India,

the same apathy or inaction prevails. ... In Demerara the

useful timber trees have all been removed from accessible regions,

and no care or thought of planting others ; from Trinidad we have

the same story ; in New Zealand there is not now a good Kauri pine

to be found near the coast ; and I believe that the annals of almost

every English colony would repeat the tale of wanton waste and

improvidence.'

" In view of this waste, Schleiden, to whom I have already referred,

writes, if not in the words, yet following in the train of thought of

one of the noblest veterans of our science, the venerable Elias Fries,

of Lund :
' A broad band of waste land follows gradually in the steps

of cultivation. If it expands, its centre and cradle dies, and on the

outer borders only do we find green shoots. But it is not impossible

it is only difl&cult, for man, without renouncing the advantage of
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culture itself, one day to make reparation for the injury which he has

inflicted : he is appointed lord of creation. True it is that thorns and

thistles, ill-favoured and poisonous plants, well named by botanists

' rubbish plants,' mark the tract which man has proudly traversed

through the earth. Before him lay original nature in her wild but

sublime beauty. Behind him he leaves the desert, a deformed and

ruined land; for childish desire of destruction, or thoughtless

squandering of vegetable treasures, have destroyed the character

of nature ; and man himself flies terrified from the arena of his actions,

leaving the impoverished earth to barbarous races or animals, so long

as yet another spot in virgin beauty smiles before him. Here again,

in selfish pursuit of profit, consciously or unconsciously, he begins

anew the work of destruction. Thus did cultivation, driven out,

leave the East, and the deserts perhaps previously robbed of their

coverings ; like the wild hordes of old over beautiful Greece, thus

rolls this conquest with fearful rapidity from east to west through

America, and the planter often now leaves the already exhausted

land, the eastern climate become infertile through the demolition of

the forests, to introduce a similar revolution into the far west. But

we see, too, that the nobler races, or truly cultivated men, even now

raise their warning voices, put their small hand to the mighty work

of restoring to nature her strength and fulness in yet a higher stage

than that of wild nature ; one dependent on the law of purpose

given by man, arranged according to plans which are copied from

the development of manhood itself. All this, indeed, remains at

present but a powerless, and for the whole, an insignificantly small

enterprise, but it pi'eserves the faith in the vocation of man and his

power to fulfil it. In future times he will and must, when he rules,

leads, and protects the whole, free nature from the tyrannous slavery

to which he now abases her, and in which he can only keep her by

restless giant struggles against the eternally resisting. We see in

the gray cloudy distance of the future a realm of peace and beauty

on the earth and in nature, but to reach it must man long study in

the school of nature, and, before all, free himself from the bonds of

that exclusive selfishness by which he is actuated."

'

In 1847 was published Klima xind Plantzen Welt in der Zeit, by

C. Fraas. It was published at Landshut. In this work the writer

endeavoured to show, by the history of vegetation in Greece, not merely

that clearing and cultivation have affected the climate^ but that change

of climate had essentially modified the character of vegetable life.
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In the same year, 1847, Becquerel published a work, entitled

Elements de Physique Terrestre et de Mbieralogie, and six years later,

in 1853, he published another work, entitled Des Glimats et de

Vinjlue)ice qii exercent les sols Boises et non-hoissees, and in a paper

addressed to the Academy of Sciences he examines the subject of

forests both as to their commercial importance, and as to their

influence on climate. In this paper he casts a rapid glance at the

effects produced by the destruction of forests from the remotest ages

to our time.

Forests, he shows, existed on the globe long before the appearance

of man, a fact proved by the immense coal deposits which are to be

found in eveiy part of it, even in the polar regions. These deposits

consist of Equisetacea, Sigillaria, &c., particularly also of ferns of the

size of trees, instances of which are now only to be met with under

the tropics. In most parts of the old continent, the primitive life of

man was, as he shows, passed in forests, and increase of population

was the cause of the first attacks upon them ; but the greatest

devastations only date from the pei'iod when great conquerors cut

down and burnt the forests in which the peoples they wanted to

subdue had taken refuge. From the Ganges to the Euphrates, from

that to the Mediterranean, an extent of ground 1,000 leagues in

length and several hundred broad, was ravaged by wars during the

lapse of thirty centuries. Nineveh and Babylon, so celebrated for

their civilization, Palmyra and Balbeck, renowned for their opulence,

now offer nothing but ruins to the exploring gaze of the traveller, in

the midst of deserts and stvamps, once covered by luxuriant forests.

From the time of Sesostris to that of Mehemet II., Asia Minor was a

constant scene of unrelenting wars leading to similar results. The
land of Canaan, so highly praised in the Bible, is now little more

than a desert, and the whole coast of Africa along the Mediterranean

tells a similar story.

Turning from historical considerations to the present state of forests

in France, he shows that similar operations, though not to the same

extent, were being carried on there, which could only tend to produce

similar effects.

By Mr Marsh, who has himself given much attention to the

subject, it is stated that the subject of climatal change, with and

without reference to human action as a cause, has been much dis-

cussed by Moreau de Jormis, Bureau do la Malle, Arago, Humboldt,

Fuster, Gasparm, Becquerel, and many other writers, in Europe, and
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by Nooh Webster, Ferry, Drake, and others, in America, and bis

work cited is a valuable repository of information, collected by

him from their woi'ks and other sources, combined with observations

made by himself, and conclusions at which he has arrived, all of

which are in accordance with those here stated.

Besides the writers now named, Professor Laurent, of Nancy

Forest School, has given attention to the subject, and has traced the

desolation which has been brought on the former homes of teeming

life in the East to the destruction of trees. And a writer in the

Edinburgh Review, for October 1875, on the subject of forest manage-

ment, citing the work of Professor Laurent, says, " Babylon, Thebes,

Memphis, and Carthage, now waste and even pestilential, were

formerly the very hives of human life. The remains of conduits

canals, cisterns, and pools, throughout Palestine, and especially

through the now desert country east of the Jordan, are such as to

explain the accounts on record of the former population of these

regions. So thorough has been not only the change of climate, but 1

the denudation of soil, caused by the cutting down of the olives,

palms, and other trees of Palestine during the Roman war, that it

would be impossible to attach any credit to the most venerable

accounts of the former fertility, beauty, and population of the Holy

Land—its brooks and fountains gushing out of valley and hills, being

now replaced by bare and solid rock—without the knowledge that we
have acquired of the fatal effect of the destruction of timber." This

may be considered by others, as it is by me, questionable, but it

may be received as indicative of the conviction of the writer, that

the connection of the destruction of the forests, eighteen hundred

years ago, with the present aridity, as cause and effect, is established I

beyond all question. —"*^

It is alleged by Mr Draper, while reporting his conclusions from

an extensive collating of meteorological recoi'ds in America, which

were to the effect that there had been no diminution of the rainfall in

the districts in which these observations had been made, that,

—

" Against this conclusion, which is based essentially on recorded

instrumental observations, I cannot admit the force of any alleged

historical facts ;
" and expressing an opinion that the devastation of

ancient empires which is attributable in part to drought, is attribut-

able in a great measure to war, and consequences of war other than

the destruction of forests, he says,—" It is useless to draw any
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inference from the present desolate condition of the regions of the

Euphrates and Tigris, or of the Holy Land, as contrasted with their

amazing fertility in the olden days
;
" and, " changes such as these

have nothing to do with changes of climate." But, with the mass of

testimonies which I have piled around me to effects which have

followed immediately on the destruction of forests, I cannot assent to

the sweeping statement I have quoted. It may be freely admitted

that devastations occasioned by war may be followed by drought,

without compromise to the allegation that the destniction of forests

may be followed by drought. The devastations of war may include the

destniction of forests, and it so happens that facts ai-e not awanting

illustrative of the devastations of war being followed by an opposite

efifect, with results corresponding to what might be expected therefrom.

When Humboldt visited South America he was led to consider

what could be the cause or occasion of a process of desiccation which

was brought under his notice. To quote from a statement by Boussin-

gault, which is cited by Mr Marsh :
—" ' The rivers which rise within

the valley of the Aragua, having no outlet to the ocean, form, by

their union, the Lake of Tacarigua or Valencia, having a length of

about two leagiies and a-half [or seven English miles].

" ' At the time of Humboldt's visit to the valley of the Aragua, the

inhabitants were struck by the gradual diminution which the lake

had been undergoing for thirty years. Tn fact, by comparing the

descriptions given by historians with its actual condition, even

making large allowance for exaggeration, it was easy to see that the

level was considerably depressed. The facts spoke for themselves.

Oviedo, who, toward the close of the sixteenth century, had often

traversed the valley of the Aragua, says positively that New Valencia

was founded, in 1555, at half a league from the Lake of Tacarigua

;

in 1800, Humboldt found this city 5,260 metres [or three and a-half

English miles] from the shore.

" ' The aspect of the soil furnished new proofs. Many hillocks on

the plain retain the name of islands, which they more justly bore

when they were surrounded by water. The ground laid bare by the

retreat of the lake was converted into admirable plantations ; and

buildings erected near the lake shewed the sinking of the water from

year to year. In 1796, new islands made their appearance. A
fortress built in 1740 on the island of Cabrera, was now on a

peninsula ; and, finally, on two granitic islands, those of Cura and

Cabo Blanco, Humboldt observed among the shrubs, some metres

above the water, fine sand filled with helicites.
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" ' These clear and positive facts suggested numerous explanations,

all assuming a subterranean outlet, which permitted the discharge of

the water to the ocean. Humboldt disposed of tliese hypotheses,

and did not hesitate to ascribe the diminution of the waters of the

lake to the numerous clearings which had been made in the valley of

Aragua within half a century.'

" Twenty-two years later, Boussingault explored the valley of Ara-

gua. For some years previous, the inhabitants had observed that the

waters of the lake were no longer retiring, but, on the contrary, were

sensibly rising. Grounds, not long before occupied by plantations,

were submerged. The islands of Nuevas Aparecidas, which appeared

above the surface in 1796, had again become shoals dangerous to

navigation. Cabrera, a tongue of land on the north side of the

valley, was so narrow that the least rise of the water completely

inundated it. A protracted north wind sufl&ced to flood the road

between Maracay and New Valencia. The fears which the inhabi-

tants of the shores had so long entertained were reversed. Those

who had explained the diminution of the lake by the supposition of

subterranean channels were suspected of blocking them up, to prove

themselves in the right.

"During the twenty-two years that had elapsed, the valley of

Aragua had been the theatre of bloody struggles, and war had

desolated those smiling lands and decimated their population. At

the first cry of independence a great number of slaves found their

liberty by enlisting under the banners of the new republic ; the great

plantations were abandoned, and the forest, which in the tropics so

rapidly encroaches, had soon recovered a large proportion of the soil

which man had wrested from it by more than a century of constant

and painful labour."

In this case w^ar seems to have produced a contrary effect to that

attributed to it, in other circumstances, by Mr Draper.

Boussingault proceeds to state that two lakes near Ubate, in New

Granada, had formed but one a century before his visit ; that the

waters were gradually retiring, and the plantations extending over

the abandoned bed ; that, by inquiry of old hunters, and by examina-

tion of parish records, he found that extensive clearings had been

made and were still goiirg on.

" He found, also, that the length of the Lake of Fuquen6, in the

same valley, had, within two centuries, been reduced from ten

leagues to one and a half, its breadth from three leagues to one. At
K



114 THE EFFECTS OP FORESTS ON MOISTURE,

the former period the neighbouring mountains were well wooded, but

at the time of his visit the mountains had been almost entirely

stripped of their wood. He further adds that other cases, similar to

those aire; dy detailed, might be cited, and he proceeds to show, by

several examples, that the waters of other lakes in the same regions,

where the valleys had always been bare of wood, or where the forests

had not been disturbed, had undergone no change of level."

The following statement is also made by Boussiiigault :
—" In the

island of Ascension there was an excellent spring, situated at the foot

of a mountain originally covered with wood. This spring became

scanty, and at last dried up, after the trees which covered the

mountain had been felled. The loss of the spring was ascribed, and

rightly so, to the cutting down of the timber. The mountain was

therefore planted anew, and a few years afterwards the spring re-

appeared by degrees, and by and by flowed with its former abundance.

" The metalliferous mountain ofMarmato is situated in the province

of Popayan, in the midst of immense forests. The stream along which

the mining works are established is formed by the junction of several

small rivulets, which take their rise in a country thickly wooded.

" In 1826, when I visited the mines for the first time, Marmato

consisted of a few miserable cabins, inhabited by negro slaves. In

1830, when I quitted the country, Marmato was covered with work-

shops, had a foundry of gold, machinery for grinding and amalga-

mating the ores, and a free population of nearly 3000 inhabitants.

In the course of these four years an immense quantity of timber had

been cut down, for the construction of machinery and of houses, as

well as for fuel and the manufacture of charcoal. But the clearing

had scarcely been two years effected before it was perceived that the

quantity of water for the working of the machinery had notably

diminished. The volume of water was measured by the work done

by the machinery ; and actual gauging at different times showed the

progressive diminution of the water. Now, in the island of Ascension,

and at Marmato, it is improbable that any merely local and limited

clearing away of the forest should have had such an influence on the

constitution of the atmosphere as to cause a variation in the mean

annual quantity of rain. Besides, as soon as the diminution of the

stream at Marmato was ascertained, a rain-gauge was set up, and in

the second year of observation showed a larger quantity than in the

first year, though the clearing had been continued, and though there

was no appreciable increase in the size of the running stream.

" Two years' observations are insufficient to show any definitive
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variatiou in the annual average quantity of rain. But, so far* as they

go, they show that at Marmato the mass of running water had

diminished, in spite of the larger quantity of rain which fell. It is

therefore probable that local clearings of forest land, even of very

moderate extent, cause springs and rivulets to shrink, and even to

disappear, without the effect being ascribable to any diminution ia

the amount of rain that falls."

These observations are advanced by Boussingualt in connection

with the statement that,

—

" In many localities it has been thought

that, within a certain number of years, a sensible diminution has been

perceived in the volume of water of streams utilized as a motive-

power ; at other points, there are grounds for believing that rivers

have become shallower, and the increasing breadth of the belt of

pebbles along their banks seems to prove the loss of a part of their

water ; and, finally, abundant springs have almost dried up. These

observations have been principally made in valleys bounded by high

mountains, and it has been noticed that this diminution of the waters

has immediately followed the epoch when the inhabitants have begun

to destroy, unsparingly, the woods which were spread over the face of

the land.

" And here lies the practical point of the question ; for if it is once

established that clearing diminishes the volume of streams, it is less

important to know to what special cause this eflfect is due."

In a report by Dr Hough, President of the United States Associa-

tion for the Advancement of Science, in 1871, are references to

climatic conditions tliere, attributed to the destructions of forests

;

and, in this connection, referring to the painful accounts which the

journals were then giving of the distress in India from famine, he

says,—" From a careful study of this subject, with such data as are

accessible in late reports, we cannot doubt that this calamity is

largely due to the fact that the forests have within recent years been

swept off, by demands for railroad and other uses, much more rapidly

than formerlf, and that the exposure to winds and sun, thus

occasioned, may have largely couti'ibuted to these painful results."

Mr Marsh, in a foot-note supplying indications of what may be

called secular desiccation, in regard to which he had said, " After a

district of country has been completely or even partially cleared of its

forest growth and brouglit under cultivation, the drying of the soil

under favourable circumstances, goes on for generations, perhaps for
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ages," says,—" In many parts of New England there are tracts,

many square miles in extent, and presenting all varieties of exposure,

which were partially cleared sixty or seventy years ago, and where

little or no change in the pz'oportion of cultivated ground, pasturage,

and woodland has taken place since. In some cases, these tracts

compose basins apparently scarcely at all exposed to any local

influence in the way of percolation or infiltration of water towards or

from neighbouring valleys. But in such situations, apart from

accidental disturbances, the ground is growing drier and drier from

year to year, springs are still disappearing, and rivulets still

diminishing in their summer supply of water. A probable explana-

tion of this is to be found in the rapid drainage of the surface of

cleared ground, which prevents the subterranean natural reservoirs,

whether cavities or merely strata of bibulous earth, from filling up.

How long this process is to last before an equilibrium is reached,

none can say. It may be for years ; it may be for centuries.

"Livingstone states facts which strongly favour the supposition

that a secular desiccation is still going on in Central Africa, and

there is reason to suspect a like change is taking place in California.

When the regions where the earth is growing drier were cleared of

wood, or, indeed, whether forests ever grew there, we are unable to

say, but the change appears to have been long in progress. A
similar revolution appears to have occurred in Arabia Petrsea. In

many of the wad is, and particularly in the gorges of the Wadi Feiran

and "Wadi Esh Sheikh, there are water-worn banks showing that, at

no very remote period, the winter floods must have risen fifty feet in

channels where the growth of acacias and tamarisks and the testi-

mony of the Arabs concur to prove that they have not risen six feet

within the memory or tradition of the present inhabitants. Recent

travellers have discovered traces of extensive ancient cultivation, and

of the former existence of large towns in the Tih desert, in localities

where all agriculture is now impossible for want of water. Is this

drought due to the destruction of ancient forests, or to some other

cause ?

" For important observations on supposed changes of climate in our

Western prairie region, from cultivatiou of the soil and the introduc-

tion of domestic cattle, see Bryant's valuable Forest Trees, 1871,

chapter v., and Hayden, Preliminary Report on Stcrvey of Wyoming,

p. 455."

Mr Marsh adds :
—" Some physicists believe that the waters of our

earth are, from chemical or other less known causes, diminishing by
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entering into new and inorganic combinations, and that the element

will finally disappear from the globe." I do not know anything of

the facts or the reasonings on which this opinion rests.

If it be necessary, in considering the eflfects of forests on the

humidity of the climate, to take into account cases in whiuli the

extensive destruction of forests does not appear to have powerfully

affected the quantity of the rainfall over a wide expanse of country,

it is no less necessary to take into account other cases in which the

extensive destruction of forests does appear to have been followed by

a marked desiccation of laud, and aridity of climate. They are facts

perfectly compatible with each other, and the establishment of either

is neither a disproof of the other, nor does it invalidate the testimony

on which it is received, though it may prompt to a more strict

scrutiny of what is said, and of the credibility of this, than might

otherwise have been given to it. Let it suffice here to state that the

objections to which such statements are open are these, first, that

they are vague and general, and, second, that they relate to effects

which may have been otherwise produced than in accordance with the

supposition advanced ; and what is considered the cause may have

been in reality the effect, for anything to the contrary advanced in

the statements made.

Sect. III.

—

Cases in which the Destruction of Trees has been followed

hy Desiccation, and the Replanting of Trees followed hy

the Restoration of Humidity.

In treating of the Hydrology of South Africa, in a separate

volume already referred to, I had occasion to cite St. Helena as a

South African Island supplying illustrations of corresponding effects

produced on the climate both by the destruction of trees and by

extensive sylviculture.

From a note appended by Emsmau to his German translation of

a work on meteorology in relation to cosmical phenomena by Foissac,*

it appears that in the beginning of the sixteenth century the forests

of St. Helena must have been extensive, for it is stated by him, on

the authority of the introductory chapters in Beatson's St. Helena,

that it was the goats which destroyed the beautiful forests which,

* Meleorologie mit RUcksight aufclie Lehere vom Kosmos. Deuich von

A. U. Emsman, Leipzig, lb59.
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three hundred and fifty years ago, covered a continuous surface of not

less than two thousand acres in the interior of the island, not to

mention scattered groups of trees.

"While I was at the Cape I wrote to St. Helena for information on

the subject, aud in reply his Excellency, H. R. Janisch, now Governor

of the island, at once supplied me with the following information,

embodied in notes published on the Natural History of St. Helena :

—

" Viewed from the sea the island offers little or nothing to the eye

but an assemblage of lofty and barren hills, intersected in all

directions with deep and narrow valleys, in many cases little better

than ravines, and generally devoid of vegetation, excepting here and

there patches of prickly pear, samphire, and profitless weeds, the

wooded peaks in the interior being in most positions hidden from

view by the almost perpendicular cliffs running down to the sea.

Bat when first discovered, in 1502, it was in the valleys almost

covered with trees right down to the water's edge. These trees

appear to have been principally gum-wood, ebony, and red-wood."

The gum-wood flourished nearest to the sea ; the ebony and red-

wood covered the slopes of the mountain ; while the hill tops appear

to have been covered with the cabbage tree and ferns—the former

(areca oleracea) presenting from a little distance the appearance of a

tree bearing stocks of cabbage, or of brocoli, at the extremities of its

branches. While such was the state of vegetation, it must have been

an island well watered everywhere.

But the earlier governors and settlers made sad havoc among the

trees ; and herds of goats and of swine being allowed to run loose on

the land, young growing trees, which might have supplied the waste,

were destroyed, and the island became almost denuded. All the

ebony trees have long since disappeared : the last, a tree remarkable

for its excessive hardness, size, aud density, was found on Deadwood.

The red-wood is now scarce, and, like the ebony, would altogether

have disappeared, had not Governor Byefield caused two young trees

to be set at Plantation House, from which two all at present on the

island have been propagated. And a comparison of the cabbage trees

of the present with the remains of those of the past tell of a stunted

growth. What was the consequence of this extensive destruction of

trees'? "Incidentally we find," says my correspondent, "in the

records of the last century, accounts of repeated and almost periodical

visitations of vei-y severe drought, occasioning ruinous losses of cattle

and crops."

Tovrards the close of the last century, however, the denudation of
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the island had been carried so far that wiser governors saw it to be

necessary to adopt some strenuous measure to restore the vegetation.

Nurseries were made, and experienced gardeners were introduced by
\

the Company, and trees from all parts of the world were introduced

and flourished. Prizes were given for the number of trees reared,

irrespective of their character. The cluster-pine (pinus 2>inaster) was

sown very extensively, and several plantations of this tree remain in

a thriving condition. But a variety of other forest trees, greatly pre-

ferred both for beauty and use, were planted about the same period

and have flourished well. In regard to the results, my correspondent

writes :
—" For many years past, since the general growth of our trees,

we have been preserved from this scourge ; and droughts, such as

were formerly recorded, are now altogether unknown. We have no)

means, however, of otherwise comparing the rainfall of the two periods,

as no tables, or even estimates, of the rainfall can be had for the

earlier dates. Our Ml of rain now is equal to that of England, and

is spread almost evenly over the year. The showers fall more heavily

in two or three months of the year. Bat this period, though called

on this account the rainy season, is in no way to be compared to

what is understood by an inter-tropical I'ainy season."

Meteorological observations are or were kept at Longwood and at

Plantation. I have at command only the record of the rainfall from

1841 to 1848. The amount of rain which fell in these years was :

—

1841, 68-925 1845, '.19509

1842, 90-458 1846, 26-556

1843, 37-189 1847, 42-441

1844, 20-026 1848, 45-630

The communication I have cited not only tells of the former

abundance of vegetation and moisture, and of frequent long-continued

droughts having followed the reckless destruction of forests, but it

tells of the replenishing of the island with trees under the fosterino-

care of the East India Company towards the close of the last

century ; and that subsequent to that, droughts such as had been

previously recorded had been for a long time altogether unknown.

But it was further added :
—" Since the transfer of the Island from

the Company in 1836 the matter has been much neglected. The
liberal expenditure and prizes of the East India Company came to an
end. The business men of our population require, whether the profits

be large or small, that the returns shall be quicJc j and they have no
idea of casting upon waters seed that cannot bo found after so many
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days. The result has been that, for the last thirty years, in place of

every score cut down hardly one tree has been planted beyond the

supply of self-sown plants. Our Governor has, however, given much

attention to this since his arrival ; and he is anxiously endeavouring

to introduce and propagate the best trees he can obtain, and as yet

his experiments have been very successful and encouraging." This

was written in 1865.

Blanqui in a volume entitled Voyage in Bulgarie, published in 1843,

says that,
—" In the Island of St. Helena, where the wooded surface

has considerably extended within a few years, it has been observed

that the rain has increased in the same proportion. It is now in

quantity double what it was during the resideuce of Napoleon." In

this we find a corroboration of what was reported by Mr Janisch in

regard to the consequence of extensive plantings encouraged by the

East India Company previous to 1836.

The Island of St Helena is of volcanic origin. It is said to have been

discovered by the Dutch in 1502. "Viewed from the sea, as it is

approached, there is nothing inviting in its appearance; one large

mass of rock with deep ravines running down into the sea, divested

apparently of all vegetation, and presenting inaccessible rugged cliffs,

some of great height, is all at first that the eye beholds; but as one

nears the shore in the interior at certain places may be seen, peeping

from out the rock, a few trees to tell that all is not barrenness

within."

In the '* Notes on the Natural History of the Island of St. Helena "

sent to me, it is stated.

" The greater part of the Island is now bare of trees and verdure,

many mountains having little upon them beyond samphire and a few

scrubby weeds, which alone save them from absolute sterility,

especially in the dry season, when the shallow soil is utterly parched

up. Other mountains are capable of affording a very limited supply

of food for sheep, which traverse their loftiest peaks and most intricate

paths in search of their scanty fare.

" Some few of the hills are tolerably well wooded, and the loftiest

of the whole, Diana's Peak, 2700 feet high, is clothed to the very

summit
*' The cultivated parts of the Island, particularly in tfie neighbour-

hood of Plantation, as seen from High Knoll, remind the stranger very

much of England, especially of parts of Devonshire.

" Illusion or likeness is further carried out by the large quantities
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the slopes of the hill, along the lanes and bye-roads.

" The furze appears to have been introduced into the Island during

the early part of the last century, and has proved very useful to the

inhabitants by furnishing them with a plentiful supply of fire-wood.

It does not appear to be used here as it is in the north of England,

for the purpose of watling in the walls, for making warm and comfort-

able outbuildings for farms and other purposes.

" When used this way, it is merely twisted between the upright

posts supporting the building, and if closely worked it makes a warm
building.

" There are several plantations in the Island pretty well stocked

with good sized trees, principally pine and fir, which grow very well

here, but for timber purposes the wood is too coarse and open in

texture, resulting most likely from its rapid growth. The wood will

answer for common purposes when protected from the weather, but

otherwise it appears soon to decay and to be subject to rot.

'* These trees, however, are a great ornament to the Island, and

add much to its English appearance, as they are the predominating

ones, and give character to the scenery.

*' The Scarlet Geranium grows wild and very luxuriantly among the

rocks, and in some places may be seen whole hedges of it ; the

nasturtion also grows wild, and water cresses are found in the valley

streams, as well as many other plants common to England.

*' Barilla, called here samphire, is very abundant in most parts of

the Island ; and the true samphire is found in many places, but does

not appear to be much used. Fruit of many kinds grows very well

here ; the pears are large, plump, hard, and juicy, and are seen on the

tree at the same time as the blossoms. Peaches are good and

plentiful, their beautiful blossoms being often seen in the hedges

;

the fig thrives pretty well, as also Oranges and Lemons, and the

useful Plantain. Coffee has been tried and succeeded, it is considered

to be very good in quality and flavour. Cotton grows wild, as well

as the castor-oil plant.

" The Port Jackson Willow thrives exceedingly well, and will ulti-

mately be valuable for supplying firewood, as it grows quickly and

throws up much underwood ; and is a very ornamental tree in all its

aspects, especially pleasing to the eye when full of its yellow catkins.

" The Cape Gooseberry is a useful fruit, and forms an excellent

substitute for the English Gooseberry which it much resembles in

taste when cooked ; it is the more useful from the fact that the

L
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English Goosebeny does not thrive well here, but runs into an un

fruitful shrub.

" The trees most cultivated in Jamestown are the Margossa and

the Banian, neither of which are of any great use except for a little

Bhelter from the sun ; the Banian is more curious than beautiful.

The Date, Cocoa Nut, and Cypress are seen in some of the gardens, and

the long leaf of the Plantain mostly accompanies them wherever

water can be obtained.

"A great variety of plants, the natives of diflferent regions, may

be seen growing equally weU on St. Helena, the configuration of which

affords a considerable range of climate. The following list of the

exotic trees and shi'ubs now growing on the island may prove not

uninteresting :

—

" Common Oak, Mosscup Oak, Evergreen Oak, Cork Tree, Abele

Tree, Weeping Willow, Pineaster Fir, Spreading Fir, Dwarf Fir,

Norfolk Island Pine, Chili Fir, Cape Yew, Casuarina, Cypress (two

kinds). Arbor Vitse, Eucalyptus, Banian (four kinds), Indian Rubber

Tree, Erythrina Cape Coral Tree (three kinds), Sophora, Margossa,

Gamboge, Terminalia (Bengal Almond), Pittisporum, AVild Olive,

Black Fx-uited Olive, Magnolia, Liliodendron, Silk-worm Mulberry,

China Weeping Birch, Murraya, Sago Palm, Palmetto, Dragon Palm,

Fan Palm, Iron Wood, Holy Thorn, Myrtle (three kinds), Bauhinia,

Locust, Bois Noir, Teak, Cinnamon, Laurel, Bay, Barberry, Protea,

Gum Benzion, Coffee Shade, Wild Fig, Wattle of New Holland,

Gelega, Althaea Frutex, Chinese Ptose Hibiscus (^Shoe Black), Change-

able Rose (two kinds), Single Red Hibiscus, Single Purple Hibiscus,

White Flowered Hibiscus, Yellow Tahitian Hibiscus, Mimosa

(various,) Acacia (various). Port Jackson Willow, Buddlea, Candle

Nut Tree, Yansheu, China Rose Apple, Spice Tree, Psoralea, English

Privet, Sea Grape, Coral Tree (Jatrapa), Rock Rose, Travellers Joy,

Oleander, Fiddle Wood, Pola Gola, Spanish Broom, Velvet Thorn,

Cassia, Grewia, Datura Ai'borea, Scarlet Cordea, Soap Berry, Screw

Pine, Date Plum, Sweet Olea, Tea, Coffee, China Privet, Jasmine

(2 kinds). Holly, Banksia, (3 kinds). Elder, Cotton (2 kinds), Cytisus,

Ash, Bai'bados Pride, Lion's Tail, Osteospernum, Castor Oil, May,

Azalea, Gardenia (Cape Jasmine), Tutsan, Verbena, Furze, Wild

Bringal, Bamboo (3 kinds). Bamboo Reed, Plumbago, Camellia,

Fuschia, Madagascar Creeper, Passion Flower (5 kinds), Ivy, Wood-

bine, Melostroma.

*' Fruit-bearing Plants :—Peach, Apple, Pear, Cape Plum, Mango,

Chirimoya, Orange (Sweet), Orange (Seville), Lemon, Lime, Shaddock,
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Citron, Quince, Filbert, Grape, Pomegranate, Cocoa Nut, Date,

Water Lemon (purple), Rose Apple, Pine Apple, English and Spanish

Mulberry, Lcquat, Banana, Apricot, Guava, Litchi, Melon, Cherry,

Indian Walnut, Chesnut, Fig, Papau Apple, Tamarind, Strawberry,

Wild Raspberry, English Raspberry, BlackbeiTy, Cape Gooseberry

(Tomatita, vulgarly called Bilberry."

Ships entering the harbour approach it on the eastern side of the

Island, to windward, and may sail with safety close on shore, the

water in the roadstead being deep, and there they may ride at anchor

at all times with perfect safety, there rarely being any wind so strong,

or sea so violent as to endanger their security. Opposite the

anchorage is the town of St. James. At the extreme end of the town

are a few pretty forest and vegetable gardens ; and at the termina-

tion of James' Valley is a waterfall, beneath which is a beautiful

spring whence comes all the water used for the supply of the town

and shipping. The water is clear and good. It is calculated that

seven thousand tons of water are daily discharged into the sea. The

number of springs in the Island are said to exceed two hundred.

I accept with faith the statements made to me, in regard to the

changes remarked at St, Helena as following the destruction and

replenishing of trees, mainly because of their general accordance

with what has been observed elsewhere ; but also in a great measure

from confidence in popular observations in regard to facts even

when I cannot assent to popular expositions of these facts as to

cause and effect.

The following remarks are results obtained from observations

made by rain gauges kept at St Helena :

—

The total amount of Rain which fell at Longwood in the year 1848

was 45 "630 inches, which appears to be rather more than the average

of eight years previous, which amounts only to 43 "S inches.

The month of October, during 1848, was the driest month of the

year, being only 0*126 of an inch. January is the next driest month

0*720, and December 0*758 ; the two wettest months being June

7*150 and July 9*245 inches.

Upon comparing the Registers kept at Longwood and Plantation

for 1847, it appears that the fall of rain was greatest at Plantation, it

there being 45*892 inches, and at Longwood 42*364 inches; January

and December being the two driest months of the year, June and

September being the two wettest months, when the sum of the two

mouths are taken, At Plantation the two wettest months were
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June and July; at Longwood the wettest months being June and

September.

The amount of Rain which fell for the undermentioned years, was :

1841, 68-925 inches. 1842, 90-458 inches.

1843, 37-189 „ 1844, 20-026 „

1845, 19-509 „ 1846, 26-556 „

1847, 42.411 „ 1848, 45-630 „

giving the mean annual fall, 43-813 inches.

Upon Examining the Monthly Register for these eight years, it

appears that October, November, December, and Januai-y, give the

mean driest mouths. The four wettest being March, May, June,

and July. The December of 1846 being the driest month of the

whole 96 months ; and the February of 1842 being the wettest month

of the whole period.

Professor Playfair states, that when the annual fall exceeds 25

inches, the climate is to be classed as moist : if so, St. Helena must

certainly be classed as a moist climate, because this standard, com-

pared with St. Helena's average of eight years, is nearly in the pro-

portion of 25 to 43. The Professor also " supposes" the annual fall

of Rain near London at 24 inches ; if so, St, Helena far exceeds London

in its fall of Rain, this being more than half as much again at St.

Helena as it is at London.

The four following observations, being the quantities of Rain

received at the respective stations for a period of nine months in

1841, are quoted as a confirmation of the theory that woods and

mountains tend to precipitate Rain :

—

1, At 2644 feet elevation 22*63 inches.

2, At 1991 „ 27-11

3, At 1782 „ 43-42

4, At 414 „ 7-63

The whole four stations being comprehended within a circle of little

more than a mile radius.

These statements I give as I have received them. So much

depends on the locality and circumstances in which observations by

the rain gauge are made that I am unable to say whether they tend

to strengthen or to weaken the conclusion to which I have come.

X*^ The Island of Mauritius supplies analogous facts. In a history of

that Island, embodied my informant believes in Thornton's History

of India, the author observes that when we obtained possession of it

our countrymen thought it absurd that the beautiful laud ou the
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summits and slopes of the mountains should be abandoned to forests

and jungle, and so cut them down, upon which the water supply

began to fail. Reflection soon taught the authorities the cause of

this failure ; upon which the hills were again planted with trees, and

the rivers and streams resumed their former dimensions. ^
Mr Marsh wi-ites :

—" The Island of Mauritius lying in the Indian '

Ocean in about 20° N. L., is less than forty miles long by about

thirty in breadth. Its surface is very irregular, and though it con-

sists, to a considerable extent, of a plateau from 1200 to 1500 feet

high, there are three mountain peaks ranging from 2300 to 2700

feet in height. Hence, though the general climatic influences are

everywhere substantially the same, there is room for a great variety

of exposures and of other purely local conditions. It is said that

the diflerence of temperature between the highest and lowest stations

does not exceed eight degrees F, while, according to observations at

thirty five stations, the rainfall in 1872 varied from thirty-three

inches at Gros Caillous to one hundred and forty six inches at Cluny.

Nature, September 24, 1874. This enormous difference in measure-

ment is too great to be explained by possible errors of observation or

other accidental circumstances, and we must suppose there are, in

different parts of this small island, great difierences in the actual

precipitation, but still much of this variation must be due to causes (

whose range of influence is extremely limited."

Mr Meldrum, Director of the Mauritius Observatory, read a paper

before the Scottish Meteorological Society in July, 1866. In this he

stated that for some years before there had been severe droughts in

the island, and recently there had been severe outbreaks of fever,

which had carried off one-tenth of the population. A careful analysis

of meteorological observations that had been made showed that from

1861 to 1866 there had been a great diminution in the rainfall. So

far as could be discovered, the rainfall was less than during any

similar period since the island was discovered. This could only be

explained by the cutting down of large forests in the interior, no less

than 70,000 acres having been denuded of trees during the ten years

from 1852 to 1862. Mr Meldrum concluded by saying that the

calamities which had so seriously affected the people of the Mauritius

seemed to be self-inflicted ; and that the proper remedy was to

restore the forests of which the once salubrious and beautiful island

had been deprived. And in a communication published in the

Journal of the English Meteorological Society for that year there is

given additional information on the subject. In this he states,
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"That the rainfall in that island daring the five years 1862-66 was

considerably less than during any previous five years of the whole

period since 1853 ; "—" that during the first five years, from 1853-

57, the relative humidity of the air was 72*1, whilst during the last

five years, 1862-66, it was only 68-2 ;"—" that the vapour pressure,

which in the earlier of these quinquennials was '657, had fallen

dui'ing the latter given quinquennial to •638."

Notwithstanding these facts, he says :
—

" In no former year of the

period of fourteen years did such floods occur as in 18G1 and 1866,

or such severe droughts as in 1865 and 1866." And to account for

these facts, he says :
—" That the decrease of rainfall, humidity,

and vapour pressure, and the occurrence of floods and droughts, may

in some measure be due to the cutting down of the forests, which

commenced on an extensive scale about 1852, was vigorously carried

on till 1862, and is being still prosecuted, though to a smaller

extent."

r^ One chief cause of the cutting down of the forests in the Mauritius,

Mr Meldrum states thus :
—" Proprietors of forests in high and

remote parts of the island, where the climate was as yet too damp

and rainy for the sugar-cane, engaged in the work because they

believed that their land would thereby become more fit for such

crops ] for it was very well known that the climate became drier in

proportion as the forests were cut down. Upon the whole, I think,

at least 70,000 acres, or about one-sixth of the entire area of the

island, have been denuded of forests since 1852, and that, too, on the

central and elevated parts of the island, at or near the sources of the

rivers."

He points out how, by the lowering of lakes, and the complete

desiccation of others, malaria resulted, and a deadly epidemic. And

the remedy which he suggests is, " to restore, as far as practicable,

certain portions of the forests of which this once salubrious and

beautiful island has been deprived."

In 1871, a report was issued by Dr H. Rogers, of Mauritius, " On

the Effects of the Cutting down of Forests on the Climate and Health

of Mauritius." This report I have not seen ; but in a lecture on Forest

Culture in its relation to industrial pursuits, delivered in Melbourne

on the 22d June, of that year, by Baron von Miiller, Government

Botanist in Victoria, there was given the following resum6 of its

contents, with the remarks which follow : So late as 1864 the Island

was resorted to by invalids from India, as the " pearl" of the Indian

Ocean—it being then one mass of verdure. But when the forests

Lr
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were cleared, to gain space for sugar cultivation, the rainfall

diminished ; the rivers dwindled down to muddy streams ; the water

became stagnant in cracks, crevices, and natural hollows, while the

equable temperature of the Island entirely changed ; drought was

experienced in the midst of the ocean, and thunder showers were

rarely any longer witnessed. The lagoons, marshes, and swamps,

along the sea-board were no longer filled with water, but gave off

noxious gases ; while the river waters became impure from various

refuse. After a violent inundation in February 1865, followed by a

period of drought, fever of a low type set in. Against this the

remedies employed in ordinaiy febrile cases proved utterly valueless.

From the waterless sides of the lagoons pestilential malaria arose.

Exposed to this the labourers fell on the field, and in some instances

died within a few hours. Scarcity of food among the destitute

classes, and inadequate sewage arrangements, predisposed also to the

dreadful effect at the time. It is alleged, and maintained, that

marshes should either be drained out completely, or kept constantly

submerged. And Dr Rogers insists that, for sanitary reasons alone,

the plateaux and high lands of Mauritius must be replanted with

trees.

To what extent this may have been done, and with what results,

remain to be seen.

In Chambers' Journal it was mentioned in the beginning of 1875,

apparently on the authority of the transactions of the Royal Society

of the Mauritius, that with a view to check the increasing dryness of

the climate 800,000 trees had been planted, and 150,000 seed holes

prepared on barren mountain slopes and other waste places. And
we have the following statement in regard to what appears to have

been a prior application of the remedies proposed :—" The hills were

again planted with trees, and the rivers and streams resumed their

former dimensions." *

*A letter from Mr A. St. John, who had given attention to the subject, and had been

asked by Mr Fox Wilson for testimony which he might adduce in his paper " On the

Desiccation of the Basin of the Orange River," in support of views held by them both,

has been put into my hands. In this it is said;—" It is Thornton, I believe, in liia

* History of India,' who gives an account of the drying up of the springs in the

Mauritius ; and the Journal of the Indian Archipelago, published by Logan at

Singapore, supplies information about the Island of Pending I am
confident of the information retained in my memory, though I may not always be able

to point out the source from which it was obtained ; for example, I am perfectly sure

that the writer, who as I h;ive stated I thiak is Tlioraton, that gave the history of our

conquest of the Mauritius, observes, that, when we obtained possession, our country-

meu thought it absurd that the beautiful land ou the summits and slopes of the
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Eeference is made to the Island of Ascension by Boussingault, in

his work entitled Economie Rurale considerde dans ses Rapioorts avee

la Chimie la Physique et la Mineralogie, in a passage which has been

cited, in which he says :
—" In the Island of Ascension there was an

excellent spring situated at the foot of a mountain originally covered

with wood. This spring became scanty, and at last dried up, after the

trees which covered the mountains had been felled. The loss of this

spring was ascribed, and rightly so, to the cutting down of the timber.

The mountain was therefore replanted, and a few years afterwards

the spring reappeared by degrees, and by and by flowed with its

former abundance."

When I was at the Cape of Good Hope, the Hon. Mr Barrington,

of Belvidere, on the Knysna, wrote to me in regard to Ascension, that

on that island, the driest of the dry—spoken of sometimes as a heap of

cinders, which only could be maintained as a naval station by sending

to it water in tanks from England and from the Cape—trees and

culinary vegetables had been planted, and had been grown with

success, through instructions supplied by Sir Wm. Hooker fi'om Kew

;

and that, since this had been done, not unfrequenily had the island

been seen capped with a cloud, and little runneb of water had been

seen trickling down the sides of the rock. I have always understood

mountains should be abandoned to forests and jungle ; and so cut them down, upon

which the water supply began to fail. Reflection soon taught the authorities the cause

of this failure ; upon which the hills were again planted with trees, and the rivers and

streams resumed their former dimensions."

In the same letter the writer says :
— " I have deferred answering your letter in the

hope of being able to consult some of the works which supplied a portion of the

material for my article ' On the Failure of Springs ; ' but I have not been able to do

what I intended. What I say of the drying up of four hundred springs in Persia is on

the authority of Tavernier ; but as the copy I possess of that traveller has no index, I

cannot at once find the passage, though perfectly certain that it occurs in his account

of the Northern Provinces Formerly, in my ' Manners and Customs of

Ancient Greece,' (II. 370), I pointed out the disforesting of the mountains as the cause

of the drying up of streams and rivulets in several parts of the country, and of the

diminishing of nearly all the rivers. Democritus, many centuries before Christ, had

made the discovery that woods and forests are necessary to the maintenance of springs

;

and in the last century, Volney contended that the Sahara might be rendered fertile by

planting it with such firs as would grow in sand, which would attract and retain

moisture. I make not the least doubt that in the Transgariep portions of Southern

Africa, to which you refer, the diminution of moisture was occasioned exclusively by

the cause you point out, and not by any cosmical changes, as imagined by Livingstone.

Should the Government, as far as its authority extends, ordain that whenever trees are

cut down others should be planted in their place, and generally encourage the multi-

plication of woods and forests, I make no doubt tliat that whole region would be

abundantly supplied with moisture."
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that the copious supply of water in Capetown was derived, not from

rainfall and surface drainage, but from the percolation, through tho

four thousand feet thick filtering stone, of moisture absorbed from

what is called the Table-cloth, often seen on Table Mountain when
the south-east wind blows in the summer months ; and thei-e seemed

to me nothing unreasonable in the information supplied by Mr
Barrington. He derived his information from the late Commodore
Burnet, who had been stationed at the Island, who stated that for a

long time the garrison and the shipping had had a good supply of

water ; and he (Mr Barrington) stated that when he himself saw it,

which was in 1861, the summit was enveloped in mist the whole day.

I subsequently obtained through Dr Hooker, who had succeeded

his father as Director of the Royal Gardens at Kew, a copy of the

report made in 1862 by Capt. Barnard when in charge of Ascension,

with a lithographic plan of the Island, illustrative of what had been

then accomplished, which had been published at his suggestion by

the Lords of the Admiralty, that the public might know something

of the altered " condition of that curious and now important island,

due to the encouragement given by the Admiralty, through the

instrumentality of Commodore Burnet, and more recently by the

intelligence and zeal of Capt. Barnard and his indefatigable assistant,

Mr Bell." And he goes on to say, in support of his suggestion :
—" I

doubt if there is any spot in the world where a comparatively barren

rock,—destitute of all natural useful vegetation, exposed to the most

terrific and injurious sea breezes,—has been, or could have been,

brought into such a state of useful cultivation."

The plan shows a great many patches, measured as many of them

by poles as by acres, but measuring in the aggregate twenty-nine

acres, covered with furze and shrubbery, and upwards of twenty-seven

acres of land under cultivation, bearing crops of potatoes, sweet

potatoes, cabbage, carrots, pumpkins, turnips, endive, beans, leeks,

grass, pine apples, bananas, guavas, figs, oranges, shaddocks, mul-

berries, and sugar-cane.

It appears that a number of seeds consisting of acorns, horse

chesnuts, Spanish chesuuts, etc., which had been previously sent,

had been spoilt, probably by being stowed away on ship-board in a

damp hold ; but simple measures were adopted to pi'event the recur-

rence of this, and by terracing, excavating, and levelling every little

patch capable of cultivation, the most was made of every advantage

which could be commanded on the island.

The whole report by Captain Barnard is full of details illustrative

M
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of that indomitable energy and contrivance which we proudly allege

to be chai'acteristic of our nation.

This I shall immediately quote at some length ; but what chiefly

concerns us is that, apparently by vegetation, there was secured

sufficient humidity to promote vegetation, and this in such abundance

that a cloud capped the mountain supposed never to have been seen

so capped before, and rills of water ran down rocks supposed never

to have been bedewed with such tears within the memory of man.

When every allowance has been made for suspected exaggeration of

previous aridity, and of humidity attained, there remains still a fact

to encourage the hope that by the extension of forests an increased

humidity may be secured.

In 1864 there were published by the Government the following

observations on Ascension, by Captain F. L. Barnard, R.N. :

—

"Ascension is in latitude 7° 56' S. and longitude 14° 24' W. It

is about 7| miles in length and 6 miles in breadth, and is within the

immediate influence of the S.E. trade wind. The island is entirely

volcanic, the surface being broken into mountains, hills, and ravines.

It was discovered by the Portugese in 1501, but remained uninhabited

until after the arrival of Napoleon at St. Helena, when it was

occupied as a post by Sir George Cockburn, and placed on the

establishment of a sloop of war, under a lieutenant. In 1822 the

naval garrison was relieved by a detachment of marines under Major

John Campbell ; since which it has gradually been increasing in

importance, and I propose tracing its rise, progress, and present

capabilities from valuable notes left by my predecessor Captain W. F.

Burnett, C.B., and the records in office.

" But little information remains on record between 1815 and 1824,

in whicli latter year Lieut.-Col. Nicolls arrived to take command. The

number then victualled was 59. Mules and donkeys were the only

draught animals, and sheep and bullocks were then first applied for.

" The supply of water was scanty and precarious, and even in 1829

it depended on drips in the banks, and the rain that was collected in

casks and a few old tanks. Three carts, six oxen, and three drivers

were employed daily in transporting about 360 gallons a distance of

six miles, and even this quantity was liable to a considerable

diminution after long droughts. When Dampier's vessel, the

'Koebuck,' foundered near Ascension in 1701, he discovered springs

or drips by watching whei'e the goats went to drink; and in 1824

attention was called to three of these, viz., Middleton's, the Mountain
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or Breakneck, and Dampier's. Iron water pipes were applied for to

lay down between the Mountain and garrison, where there were tanks

capable of containing 40 tons only.

" In July 1825 a boring machine arrived, and tanks and reservoirs

were commenced on a large scale ; but the latter, from subsequent

accounts, seem to have been mere excavations, from which the water

soaked away in a few days.

"Boring was first commenced in 1826 above Middleton's springs,

by Colonel Nicolls, without any important results. In 1829, Captain

Bate reported the possibility of supplying the African squadron with

water, proposing certain measures, and Captain Brandreth, R.E.,

was instructed by the Admiralty to make a survey and report of the

island. He found that the auger of the boring machine had been

introduced nearly horizontally iu the direction of the substratum,

which would merely have the effect of causing the stream to flow

more freely without arriving at the source of the spring. Captain

Bate had also bji-ed near high-water mark by the advice of a foreign

naturalist, and from the wells then made the present supply of salt

water is derived. Unsuccessful borings were made in the low lands,

and others were recommended in the Mountain district. Captain

Brandreth reported favourably on Captain Bate's propositions, and

returned to Ascension iu 1830. Finding that the stock of water was

reduced to 40 tons in consequence of a drought during twelve or

fourteen months, he pressed for further experiments in boring, and

fixed on a spot high up in the Mountain district, on the weather side,

at the bottom of a ravine, the sides of which were 80 feet in height.

The strata consist of volcanic matter on beds of clay. The

experiment succeeded, and at the depth of 25 feet from the surface

a spx'ing was found ; the shaft was sunk 60 feet, and still yields (iu

1864) from three to four tons daily, even after a long drought. A
second shaft was subsequently sunk about 100 yards from the first,

and produces an occasional supply only. In the latter end of 1830

the main water pipes were partly laid down.

" Palmer's springs were discovered 500 feet below the drips in

Breakneck, and were said to produce 2,000 gallons in 24 hours Two
large reservoirs were constructed by building up a deep gorge in

terraces, which receive the water from an extensive rocky valley, but

there is no spring in my opinion. Drinking troughs have been con-

structed here and at Middleton's ; they supply the island-bred cattle,

and wild animals with water, which at the latter is brackish, and

does not agree with imported beasts. The marines used to take it
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medicinally in cases of dysentery. There is a neat cottage at

Palmer's, in which a man and his wife reside, and take care of a

garden producing chilies and pumpkins.

" In December 1831 the main pipes were finished, being led from

Bate's tank at Dampier's, 5 miles distant from the garrison, and 1000

feet above its level, and the same depth below the Mountain tank.

"In January 1832 an octagon iron tank, capable of containing 20

tons, was placed under the drip in Breakneck Valley, and in the same

year a tunnel was cut through the mountain about 930 feet long, for

pipes to convey the water, which was pumped by horse power, and

forced up 1-iO feet into an iron tank above the level of the reservoir

on the other side of the mountain. The tunnel is sufficiently wide

and high to admit of people walking through with ease, and is a

wonderful proof of the perseverance and skill of the marines, who,

under Captain Payne, executed it in the short period between 19th

May and 3rd October of the same year. The principal and only

certain supply of water is obtained through this.

"InFebruary 1817 there was a great scarcity of water, and distilling

was first commenced with Clark's apparatus, but as salt water was

obtained from a well sunk in the square, affected by the ebb and flow

of tide, the supply was limited and uncertain.

" I found the drips in 1861 much in the same state as they appear

to have been in 1832, and shall describe the present water resources

of the island, the steps that have been taken to improve them, and

the plans I would suggest to ensm*e an adequate supply.

" The drips and wells in Breakneck Valley are the only sources that

never entu-ely fail, although the yield is considerably less after a long

drought ; the drips are caused by the rain and wet fogs, arrested by

the steep sides of the ravine, and percolating thi'ough the cinder to

strata of rock, which crop out and form ledges. Under these, lengths

of zinc and iron sheeting were placed, conducting the water in driblets

to a small cemented trough over the octagon tank, which occasionally

overflowed after heavy rains, and at all times the labour of forcing a

column of 140 feet of neater was very distressing to animals, and

absorbed much labour.

" In the latter end of 1863, a wind engine of 1| horse power, by

Bury and PoUard, was erected near the octagon tank ; the pipes were

connected throughout their whole extent, as they were found to be

too much on a dead level to carry off" the water forced up, and we had

the satisfaction of finding that it worked admirably, and was capable

of doing much more when rec^uired,
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" Extensive troughs liaed with Roman cement have replaced the

odds and ends of old sheeting, preventing waste and increasing the

yield of water,

" The wells which were sunk in the spots selected by Captain

Brandi-eth are worked by hand pumps daily, and produce sufficient

water for the consumption of the Mountain after many months of

drought. I am, therefore, of opinion that the upper one is supplied

by a bona fide spring, and without it much inconvenience would be

frequently experienced.

" The roofing surface has of late been greatly increased, and iron

tanks have been placed in convenient places for the supply of the cow-

house and stables, by which both manual and horse labour are saved.

" Finding that a considerable rush of water from the mountain roads

found its way into Dampier's tank in a very muddy state, large

cisterns have been constructed, with underground drains between

them, the last being connected with the main pipes just below the

Mountain reservoir. A great mass of mud and cinder is deposited by

these means, and the water eventually reaches its destination in a

comparatively clean state. In connection with this arrangement all

the upper roads, which were composed of soft light cinder, liable to

be washed away, are being paved with durable stone.

" The drip at Dampier's is scarely worth taking into account, as it

dries up soon after the rain ceases, and produces nothing when most

required.

'* To prevent the waste necessarily caused by frequently running

down small quantities of water from the main tank at Dampier's

(Bate's), drinking troughs have been sunk on the spot and are supplied

by means of a small fire engine.

" The cattle that are not being stall-fed are driven in every morn-

ing for food and water ; and there have been no losses amongst the

imported cattle since this system has been adopted.

"In 1861 Dr. Normanby's distilling apparatus arrived in H,M,S.

' Isis,' and in the beginning of 1863 pipes were laid down to it from

the sea, affording an ample supply of salt water, which is pumped up

a height of 25 feet by means of a simple and ingenious contrivance

of Mr Smith, the superintending engineer, A small eccentric on the

shaft of the donkey engine works a number of levers which pump the

salt water into a tank, and the fresh water into a reservoir when the

receiver is full. By attaching a strap to the fly-wheel a chaff cutter

is also worked in an adjacent building. The produce of water is

about one gallon per loinute.
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" Such are the water resources of the island, which have not more

than kept pace with the increase of the popuhatiou, from 59 in 1854 ;

to an average of 550 in 1863 ; and after tlu-ee years' experience and

much painful anxiety, with the necessity of reducing the allowance

to a gallon for each person during upwards of six months, I would

urge the paramount necessity of ensuring an adequate supply."

The details of hydraulic works proposed by Captain Barnard I do

not deem it necessary to quote. After giving them, he proceeds :

—

" I have found but little reliable information respecting the former

cultivation of the island ; but with the assistance of memoranda left

by Captain Burnett, records, and my own experience, I shall describe

its present state and capabilities of improvement.

" Like Captain Braudreth, I shall divide the island into fom' parts,

with reference to its agricultm'al capabilities.

" The first, consisting of about 200 acres, on the highest lands round

the Peak.

" The second, of about 800 acres, lying below the Peak, from 2,200

feet to 1,400 feet above the level of the sea.

" The third part, comprising tracts of cinder and ashes, with inter-

vening watercourses about the lower lands.

" The fourth takes in extensive beds of lava and cinder, not likely to

undergo any change, but which produce purslane and other food, on

which herds of wild goats feed and keep in good condition.

'• This part comprises the Peak of Green Mountain, with all it

surrounding ravines and hollows, from a height of 2^820 feet to Elliot's

Pass, about 2,200 feet above the level of the sea. At the summit is

a small piece of table land, on which the Bermudian cedar, guava,

hibiscus, and other shrubs flourish ; it is frequently enveloped in mist,

and with the exception of a running grass gathered by the Africans

for the cows, it is covered with a long wiry sedge used for stable

bedding only. Orange trees brought with great care fi'om Rio and

the Cape of Good Hope, have been tried on the N.E, side, where the

soil is deep and good, but without success ; they appeared to floui-ish

for a season, but soon began to droop and wither away ; consequently

ail that retained any signs of life were transplanted into a nursery,

where they must remain until the weather is favourable for putting

them into sheltered spots in the ravines where lime trees flourish.

Numbers of trees and shrubs have been planted by the sides of the

path leading to the Peak since Mr Bell's arrival in 1857. They look

healthy and strong, and the more tender ones are protected by tree
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guards. A list of them is annexed A tin trough

placed under one of the wattles for the pheasants to drink fx'om, has

water in it during the driest seasons, affording a proof of how much
moisture is attracted by planting. The above is enclosed on the

sides accessible to cattle by a fence of cask staves.

" We now come to a second enclosure planted with a double row

of pinus excelsa, which are growing well. Buddlea, vitex trifolia,

gorse, broom, and brambles, border the path in one thick mass, with

the beautiful crimson flower of the hibiscus peeping through the

foliage. Between the base of the High Peak and the Little Peak is

a bare ridge exposed to the strong trade wind, producing sedge and a

few stunted shrubs. The Little Peak is enclosed by a bank and

ditch, and is cultivated all over, producing light and uncertain crops

of English or sweet potato. To leeward of and below it, shrubs grow

luxuriantly, and an excavation has been converted into a nursery, but

the soil is dry and porous, and tender plants do not survive even a

short drought in it. Pineapples have been planted, and will probably

succeed here. There is also a fine lime ti'ee, whose roots have found

their way into a fissure in the cinder; it consequently flourishes,

whilst every attempt to grow others near it has failed.

"All the first division is planted sufficiently, and nothing is

required but attention to the growing trees and shrubs, and keeping

the fences in repair. It is surrounded by Elliot's Pass, a road cut

out of the solid cinder, and passing horizontally quite round the

Mountain, which at several points is tunnelled through. It affords

gi-eat facilities for planting the sides of the mountain and ravines—is

a convenient path for the shepherds, and a pleasant walk of about

three miles, lined with blackberry bushes bearing plenty of fruit, and
numbers of trees and shrubs.

" The ravines present the appearance of dense thickets, bramble,

buddlea, vitex, etc., having completely clothed them. Thousands of

small birds flock about the bushes, and are increasing wonderfully

;

they consist almost exclusively of avadavats introduced by Captain

Burnett. This pass was commenced in 1839 by Lieutenant Wade,
Royal Marines, and completed in January 1840. In 1861 about 600
yards of the path on the weather side were considerably widened by
Captain Barnard.

" The second and most important division commences below
Elliot's Pass, adjoining which are the farm buildings, consisting of a
a cow-house, fodder store, and stock yards, with slaughtering triangle,

and eveiy convenience for stall-feeding oxen, penning sheep, and
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saving manure for the cultivated lands, a great part of which in 1861

had been constantly cropped with sweet potatoes and its fertilizing

powers extracted. The farai buildings were so scattered and ill

arranged that no great body of manure could be collected. All the

slaughtering was carried on in the gan'ison, and the oflfal tlirown into

the sea. I made a complete change in the system ; built a fodder store,

demanded chaff cutters and oil-cake crushers, formed large yards,

adjoining the cow-house by excavating, did away with detached sheds,

and connected a sufficient number of iron tanks to ensure a constant

supply of water on the spot.

" All crops are most uncertain excepting sweet potatoes, which,

unfortunately, are not generally liked as a vegetable, and cannot be

used in soup. Regular and large sowings of English potatoes are

now made, and several good ci'ops have been obtained ; the arrange-

ment for thoroughly manuring the ground once in two years evidently

tending to restore fertility to the soil, for the sweet potatoes even

come to perfection in less time than they did before. Great losses

must be expected from the ravages of caterpillars and long droughts,

but the system should be persevered in, if only for the purpose of

introducing something like rotation of crops, not hitherto much

studied. The best seed potatoes have been obtained from the Cape

of Good Hope ; they are red, and about the size of walnuts. Some

from Loanda have also turned out very well. Supplies according to

demand are sent by the contractors for cattle from Table Bay every

two months. The seed saved on the spot is worthless. Pumpkins

grow to a large size in the weather gardens,, weighing upwards of

80 lbs. ; they are propagated from cuttings. Great efforts have been

made to grow cabbages in large numbers, but the catei-pillars destroy

nearly all the seedlings, and there are never sufficient for a general

issue. French beans succeed better than any other vegetables when-

ever the droughts do not last long ; about two out of three sowings

fail. Now and then a fair crop of turnips may be got, but carrots

are a long time in growing, and never attain even a moderate size.

The New Zealand spinach grows wild amongst the other crops, and at

times is gathered in large quantities. No other vegetables are grown

in the sheep walk or weather gardens.

" Guano has been twice obtained from Boatswain Bird Island, and

seemed to produce good crops of sweet potatoes, but stable and farm

manure is better, and more easily obtained.

" In the Home gardens about the Mountain cottage, leeks are pro-

duced plentifully, as well as French beans, lettuce, endive, and herbs.
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Pine apples have been p ropagated successfully of late years, and are

well flavoured.

" All the ground available for planting is in detached patches, and I

find, on searching the recoi'ds, that detailed descriptions of that under

cultivation, up to the end of 1859, have been forwarded to the Secretary

of the Admiralty. Since I took charge in July 1861, I have turned

my attention to the possibility of breaking up new ground and culti-

vating English potatoes, cabbages, and the vegetables usually issued

with fresh meat. The difficulty of finding any sufficiently level and
sheltered is great, and I have had recourse to excavating on the side

of the mountain. One piece now in progress, on the same level with

the home gardens, will have a back of 44 feet. I have also converted

what was formerly a stock yard into a garden, and have a veiy

promising crop of Jersey potatoes well up. As we can find labour, I

purpose terracing a very promising piece of ground under the weather

gardens, above a patch on which cabbages have been successfully

raised. My predecessor enclosed a space on a rather steep slope,

containing about an acre, which will be broken up, if the diy weather

lasts ; it will be fit only for the sweet potato, which is the staple

produce of the island, and flourishes even in the driest seasons, but it

is not prized by the men There is no limit to

the broken ground available for the j)lanting of shrubs, and during

the dry season a party is constantly employed digging holes four feet

wide, three deep ; there are upwards of 1,000 now open for the

reception of the Australian wattle, to be planted between Michaelmas

and Lady-day. This shrub has been most successful at Ascension,

and in a few years will change the aspect, and probably the climate,

of the island, from its rapid growth and facility of propagation. I

lately measured one that was planted last November twelvemonths,

in the shape of a small layer, and it is now from six to seven feet

high, covering a circle with a circumference of 36 feet; about 1,000

of these have been planted within the last three years.

" Mr Bell fortunately hit upon the simple plan of laying the small

branches into preserved meat tins, butter firkins, and boxes, in which

they can be carried to any distance ; they already flourish much lower

than any other tree or shrub, and had we not lost our last season

from an unusual drought, many more would have been planted lower

still ; there are upwards of 1,000 now ready. I have entered into

the above details to show that the wattle has greatly reduced our

requirements, and I constantly receive, from private sources,

loquats, guava, orange, lime, and wild fruit trees, from the Cape of
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Good Hope and the coast. The date palm, coffee bush, and custard

apple look healthy and strong in their seed beds, and thousands of

young shrubs and trees, from the Peak down to the level of the home

gardens, are making rapid growth, whilst the furze, bramble, and

other shrubs fill the deep ravines and fissures with a luxuriant foliage,

affording good cover for game. Pine apples have arrived to great

perfection under Mr Bell's treatment, and we are making fresh

plantations from time to time.

" Of all things we most require conifers, and find that various

attempts have been made by my predecessor to obtain seeds. The

following advice in a letter from Dr Lindley to the Comptroller of

Victualling, dated Acton Green, August 20, 1860, if acted upon would

be of great service to the island :
—

' Mr Bell finds by experience that

of all trees the most useful to plant on the mountain slopes are

conifers. In this I concur, and I would advise their Lordships to

send out a supply of Chilian Araucarian and Norfolk Island pines,

most especially the former, which form forests on the southern face

of the Chilian Andes in precipitous places, where they bid defiance to

storms. Any quantity of the seeds (Chilian Araucarian Pine) could

be procured through the English Consul at Valparaiso, Mr Rouse,

who, however, should be instructed to take care that the seeds are

fresh. The Indians bring them to market, but sometimes so old

that they will not grow.'

" I hope to be able to get Norfolk Island pine cones, and Australian

trees and plants through my predecessor. Commodore Burnett ; they

all do well at Ascension.

" The Bermudean cedar grows most luxuriantly at the Peak, and

a parcel of the seed would be most acceptable. Scarcely any trees

or shrubs bear seed here.

" As Sir William Hooker takes a lively interest in the cultivation

of the island, he may like to know what steps have been taken to

carry out his valuable suggestions, as well as those of Dr Lindley

and Dr J. D. Hooker, which I have found amongst the Records.

" Finding a great scarcity of manure, and no facilities for carting

it up from the garrison, I shortly after my arrival commenced stall

feeding, and slaughtering the oxen at the Mountain, and have now a

most valuable heap of manure ready for our worn land.

" I next procured a quantity of guano from Boatswain Bird Island
;

this, from its great portability, will be a great boon to us if it succeeds,

which I have every hope of its doing from the healthy green and

luxuriant foliage of a large breadth of sweet potatoes manured with it.
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" Mr Bell fi-equently accompanies me in searching for eligible spots

for establishing fresh patches of vegetable ground, and by the aid of

terracing, as we can command labour, I feel confident that an ample

supply of cabbages, leeks, and at times potatoes, can be commanded.

" Mr Bell having represented to me that numbers of young shrubs

and trees required protection when first planted out, I have caused a

large number of guards to be constructed from firewood and the hoops

that come off the trusses of hay ; they answer most admii'ably.

" These plans, combined with the system of layering adopted by

Mr Bell, and the breaking up of new ground, will, I feel convinced,

do all that is possible for the cultivation of the Mountain, which is

capable of spade labour only.

" The cones of the pitch pine from the Bahamas ordered by their

Lordships to be forwarded to Ascension, upon Sir William Hooker's

recommendation, will, in all probability, succeed, and I shall be glad

to get them.

" Having described our requirements and plans for the cultivation

of the mountain, I think an account of an experiment on a large

scale, which we are making on the north-east plains, may be

interesting to Sir William Hooker.

" In a document from Mr Bell to Captain Burnett, dated October

1859, I find these plains described as having been cleared and culti-

vated twenty years before, but in consequence of the loss of horses,

and frequent failures of the crops, they were abandoned and con-

sidered barren and useless.

"However, on searching the records last year, a letter was dis-

covered bearing date 31st August 1849, from the Secretary of the

Admiralty, acquainting the captain in charge that Sir William Hooker

intended to forward a case of most excellent grass for fodder, known

by the name of 'Para;' accompanying this letter was a description

of the grass and its habits.

" At Ascension it is doing wonders, increasing in the most

astonishing manner, and growing down all weeds and inferior grasses

wherever it is once established. Patches of it were tried on the No. 2

plains, and made not only rapid growth but resisted a drought of

several months, though exposed to a tropical sun and the full force

of the south-east Trade.

" Ploughs and harrows having been promptly supplied at my
request, we took advantage of a spare team, and a colt that required

breaking in, to plough and harrow these plains, and, much to our

atisfaction, found them to be covered with a rich friable loamt
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With protection, crops of every description might be grown here,

but, in the absence of horse and manual labour, to collect the rocks

and boulders which abound on the surrounding hills, and would form

excellent dry walls and well-sheltered enclosures, we are planting

from six to eight acres with Para grass in fine showery weather. If

it succeeds, we could have fine pasture lands for cattle in a short

time, and there is eveiy facility at hand for constructing drinking

troughs. I am also trying a small patch with English potatoes,

fenced for the purpose. The method Mr Bell is adopting for planting

this gi'ass is by cutting turf into junks, which ai'e carried to the spot

in bread bags, on the heads of Africans, and trod in at equal distances

;

the runners grow by inches in one week after rain, and form a perfect

mat which no animal can root up. Men are daily employed collecting

Para grass for the beasts and cattle, both at the mountain and at the

garrison, and it materially saves the expensive oat straw sent from

the Cape. If Sir William Hooker could obtain a bag of the seed it

would help us greatly. Should it at any time be thought advisable

to bring a much larger breadth into cultivation for vegetables than

can be obtained at the Mountain, I could fence in many acres on the

weather slope of a valley formed by two ridges of these plains for the

expense of about four additional rations for donkeys to draw the

stones on sleighs, but with our present command of labour I could

not attempt it. If the Para grass succeeds, there are other large

plains, containing hundreds of acres, capable of being converted into

pasture land.

" In conclusion, I think it due to Mr Bell to state that the whole

of the farming and gardening operations under his care are carried

on in a most systematic and skilful manner. He combines the

experience of three years with considerable tact in managing the

Africans.

" I dwell upon this more particularly, as there appears to be a

growing interest in the cultivation and general improvement of

the establishment at Ascension, and operations might be more

readily and economically undertaken at present than with a new

gardener, who would have everything to learn ; and, on my part, I

am quite willing to devote as much attention to this branch of my
duties as I can possibly spare."

There was appended the following Table, showing the quantity of

cultivated ground on the island of Ascension, in what way laid out,

and present crop :

—
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Name of garden and En-
closure.
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noses, after being kept a day or two on dry food. The yearly saving

in fodder will be at least ^£50."

There is given the following table of observations :

—

a
o

O

-o
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There is appended also the following list of botanical names of

trees and shrubs growing on the Peak :—Juniperus Bermudiana,

Podocarpus sp., Brugmansia suaveolens, Brugmansia sanguinea,

Ficus (four species), Casuarina (two species), Acacia, four species,

including the Wattle, Tlex sp., Alpinia nutans, Pinus excelsa, Pinus

pinea, Vitex ti'ifolia, Bignonia (Stouiby sp.). Hibiscus (five varieties),

Clerodendron fragrans, CofFea Arabica, Buddlea (Ascension gum
bush), Eriobotrya Japonica (the loquat), Quercus robur (English

oak), Cedrus Deodara (one plant), Cupressus torulosa, Widdringtonia

juniperoides, Fourcroya gigantea, Hakea sp., Virgilia Capensis,

Eucalyptus (four species), Nerium oleander, splendens, Phytolacca

decandra, Myrica cordifolia, Leucodendron argenteum, Melaleuca

hypericifolia, Rhus Isevigata, Schottia latifolia, Pandanus odoratis-

simus. Fruits—The banana, peach, lime, orange, fig, loquat, and

guavas, the latter being the only kind that produces fruit. Respect-

ing the natural grasses on the Peak, it is said,—" What appears to be

grass is in reality not grass at all, being only sedges, near relations

to the English rush."

I consider that the preservation of the water under the wattle, to

which reference is made, may be accounted for otherwise than by
supposing that the moisture is attracted by vegetation ; but the fact

of the connection between plantations and moisture, resulting in an

increase of the former being accompanied by an increase of the latter,

remains the same whatever theory or hypothesis may be entertained

in regard to the 7nodtcs oj^erandi.

In the Report of Kew Garden, for 1864, it is stated, "that from

Ascension there continued to be received encouraging accounts of the

increased fertility and moisture of the island, consequent on the

extension of the plantations." And in the Report for 1865, it is

stated,—" Of once sterile Ascension Island, which we continue to

supply with plants, Captam Barnard reports that it now possesses

thickets of upwards of forty kinds of trees, besides numerous
shrubs and fruit trees, of which, however, only the guava ripens.

These already afford timber for fencing cattle-yards. When Mr
Hooker visited the island in 1843, owing to want of water, but

one tree existed on it, and there were not enough vegetables

produced to supply the Commandant's table ; whereas now, through

the introduction of vegetation, the water supply is excellent, and the

garrison and ships visiting the island are supplied with abundance of

vegetables of various kinds." Later reports I have not seen.



144 EFFECTS OF FORESTS ON MOISTURE.

It is remarked by Marsh, that " it has long been a popularly settled

belief that vegetation and the condensation and fall of atmospheric

moisture are reciprocally necessary to each other, and even the poet

sings of
Afric's barren sand,

Where nought can grow, because it raineth not,

And where no rain can fall to bless the land,

Because nought grows there.'" *

Here we have an illustration of the converse fact : one measure of

humidity promoting vegetation, and vegetation not only arresting the

desiccation but so reversing the process that an increased humidity

is the consequence.

Sect IV.

—

Cases, Illustrative of Effects of Forests on Humidityy

correspondinng to such as have been addtcced.

Besides the cases which have been brought forward as indicative of

the effects of forests upon the humidity of a country, there are others

which point to the same conclusion, which may be adduced, not as

corroborative testimony, but as independent facts, which are in

accordance with what has been alleged. Continuing observations

made on the Islands and Continent of Africa, I cite first the case of

Madeira.

Madeira does not, like St. Helena and Ascension, supply evidence

of a restored or newly produced humidity following the planting of

trees; but it supplies testimony to the effects of trees on the humidity

of the atmosphere and soil, which is of importance.

Washington Irving, in his "History of Columbus," refers to an

ancient document which is believed to have been drawn up by one of

the first discoverers of Madeira, about the year 1378. According to

this document,—" The country was delightful. The forests were

stately and magnificent. There were trees laden with excellent

fruits. TJie waters were cool and limjnd. On penetrating a little

distance they found a beautiful sheltered meadow, the green bosom

of which was bordered by laurels and refreshed by a mountain stream,

which ran sparUing over jJehbles."

In accordance with this statement is the following glowing descrip-

* " Det golds Strog i Afrika.

Der lutet voxe kan, da ei det regner,

Og, omvendt, ingen Regn kau falde, da

Der Intet Toxer."

Paludaw-Mubller, Adam Homo, ii, 408.
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tion of wood and waters, given in an unpublished ancient manuscript,

cited by Dr Graham in a work entitled " Climate and Resources of

Madeira," published in 1870 :
—" The island of Madeira at the period

of its discovery presented a most lovely picture of nature : a vegeta-

tion truly astonishing covered it with trees, reaching to a prodigious

height,—the majestic cedar, laurel, til, besides others, forming one

continuous and impenetrable forest. Evergreens and creeping plants

wove their festoons from branch to branch, giving new shade to a

land all clothed with vegetation, and new force to inumerahle springs

of pure and salubrious water." But tradition tells of a great forest

fire having swept over a great extent of the island ; and after that,

it was alleged, all was changed.

Mr Milne H )me. Chairman of the Council of the Scottish

Meteorological Society, in a paper submitted to this Society, entitled

" Suggestions for Increasing the Supply of Spring Water at Malta,

and Improving the Climate of the Island," says,
—'Some valuable

facts ai'e supplied from the island of Madeira. It has been shown that

the annual fall of rain there is, on an average, thirty or thirty-two

inches, being about thirteen inches more than at Malta. Can one

reason be that, whilst Malta is treeless, Madeira is still partially

wooded 1 Dr Graham says,— * The north side of Madeira is still well

clothed ; and, although there are perhaps few trees which can aspire

to the dimensions handed down to us in the relics of former days, the

dark and ancient foliage still covers both hill and valley.'

" Dr Graham refers to the dimensions of the trees of a bygone

age in Madeira. There can be no doubt that when first colonized

the island had been completely covered with wood. Its name, as

given by the Portuguese, was originally Materia, in allusion to the

inexhaustible materials it supplied for ship-building and the con-

struction of houses."

Dr Graham quotes from an unpublished ancient manuscript the

glowing description of its woods and waters, which has been given

above ; and referring to those statements of an old date, he goes on

to say,
—" It seems evident, from these descriptions, that Madeira

when first colonized was much better supplied with both wood and

water than at present ; and the conclusion seems not unreasonable,

that the better supply of water was in consequence of the larger

extent of wood." Citing these passages, Mr Milne Home goes on to

say,
—" Dr Graham expresses a decided opinion to that effect. He

condemns unsparingly the selfishness and folly of the first colonizers,

who, in order to get land for the culture of the sugar-cane and vine,
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set fire to the woods, and produced a conflagration which lasted seven

days."

Dr Graham says,
—" The forests of Madeira have been continually

receding with the increase of fuel requirement, and the replanting of

the land thus laid waste has been long aud culpably neglected.

Recently, however, the introduction of the pine tree has to a very

great extent stemmed the progress of reckless destruction. The pine

grows easily and rapidly, occupying lands ill-suited to other kinds of

cultivation." And in another connection he says,
—" The recession

of nature's woods has been in late years compensated by the advance

of the introduced species."

He reports bis observations on the arrest of the water of fogs and

clouds by the leaves of the coniferse, and other trees, which act almost

like a sieve, draining it out ; and he remarks, " when the hills were

completely wooded, at the time of the colonization, it is quite

probable that the humid mists, continually passing over the moun-

tains, were intercepted, and that the rivers which now, soon after

rain, dwindle down to tiny streams were then more constantly full."

And he further remarks :
—" On the eastern side of the basin of

Funchal, the upper lands have been almost entirely cleared of trees.

The rain water descends impetuously in a torrent, leaving a tiny

stream, which flows steadily so long as the sky is overcast, but

ceases altogether after one day of sunshine. I do not think the rains

are now heavier or more fitful than in former times ; but there are

now no woods on the sout.h side to restrain the drops, which vinite to

denude the rocks of their soil, and to form the mighty torrents

witnessed every winter. I do not doubt that the planting of trees in

the villages at the head of the main ravines would lead rapidly to a

nearly constant supply of water in a region where it would be useful.'

The facts reported and the conclusions drawn from them are all in

accordance with what has been reported in regard to St Helena and

Ascension.

By Blanqui, in his Voyage en Bulgarie, already cited, it is alleged

that " the terrible droughts which desolate the Cape Verd Islands

must be attributed to the destruction of the forests." And he says

that, '* in Egypt, recent plantations have caused rains which hitherto

were almost unknown."

I have repeatedly met with a reference in different forms to

observations which have been made, or are alleged to have been

made, in Alexandria and Egypt, in accordance with those which have
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been brought forn^ard in this and in the preceding section of this

chapter ; but I consider them open to question.

A writer in the " Edinburgh Review " whom I have already cited,

after making some remarks on the desiccation of Palestine, as a con-

sequence of the destruction of the olives, palms, and other trees,

during the Roman war, goes on to say :
—" Even as to that country,

of which it was said, two thousand four hundred years ago, that the

family of Egypt have no rain, the United States Commission of

Agriculture, for 1871, reports:

—

'In Upper Egypt, the rains which

eighty years ago were abundant, have ceased since the Arabs cut

down the trees along the valley of the Nile towards Lybia and Arabia.

A contrary effect has been produced in Lower Egypt, from the

planting of the Pacha. In Alexandria and Cairo, where rain was

formerly a rarity, it has since that time become more frequent." But

this statement appears to be open to question.

It is stated by Cezanne that Clot Bey has, in his work entitled

Aperc^u general siir VEgypte (vol. i. p. 22), shown that the plantations

in Egypt have not rendered rains more frequent. And he states that

at Cairo, the mean number of days on which it rains in the course of

the year is twelve, and the rain-fall 34 millimetres.

On this subject Mr Marsh remarks :
—

" The alleged augmentation

of rain-fall in Lower Egypt, in cousequence of large plantations by

Mehemet Ali, is very frequently appealed to as a proof of this in-

fluence of the forests, and this case has become a regular common-

place in all discussions of the question. It is, however, open to the

same objection as the alleged instances of the diminution of precipi-

tation in consequence of the felling of the forest.

" This supposed increase in the frequency and quantity of rain in

Lower Egypt is, I think, an error, or at least not an established fact

I have heard it disputed on the spot by intelligent Franks, whose

residence in that country began before the plantations of Mehemet

Ali and Ibrahim Pacha, and I have been assured by them that

meteorological observations, made at Alexandria about the beginning

of this century, show an annual fall of rain as great as is usual at this

day. The mere fact that it did not rain during the French occupation

is not conclusive. Having experieucsd a gentle shower of nearly

twenty-four hours' duration in Upper Egypt, I inquired of the local

governor in relation to the frequency of this phenomenon, and was

told by him that not a drop of rain had fallen at that point for more

than two years previous.

" The belief in the increase of rain in Egypt rests almost entirely on
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the obsei*vations of Marshal Marmont, and the evidence collected by

him in 1836. His conclusions have been disputed, if not confuted,

by Jomard and others, and are probably erroneous. See Foissac,

Meteorologie, German translation, pp. 634-639."

The Imperial Academy of Science has expressed a wish that the

Government of Austria would apply to the Viceroy of Egypt for ex-

tracts from the observations which have been made on the rise of the

Nile gauge above Cairo for 3000 years and more, especially for ex-

ti'acts from the records of the last 200 years. Should these be

supplied, we may hope that some light may be incidentally cast upon

some of the questions at issue.

South Africa has also its tale to tell. Mr Tuck, superintendent of

the Botanic Garden at Grahamstown, in writing to me before I left

the colony, communicated the following notice of what he had observed

in the course of the summer, that of 1864-1865 :
—" This season has

been unusually hot and dry along the coast ; and all arouud Grahams-

town we have been unable to grow anything all this summer for

want of rain. The springs are all failing.

" You may perhaps know the place of Mr J. J. Stone, on the top of

the hill on the Cowie road, towards the sea, marked out by a

quantity of Gum trees, on the ridge of the high hills to the south-

east of Grahamstown ; well, all through the summer we have had

only light misty rain, just enough to damp the grass, and not enough

to wet the ground, but these trees of Mr Stone's have there converted

the mist into rain. They have scarcely felt any effects of the dry

weather; the vegetables and flowers have there grown all the summer

without watering ; there the tanks have always been full : and that

is the only place of which I have heard that it has been so within

five and twenty or thirty miles of Grahamstown."

I have had occasion to cite the statements made by Boussingault

(ante p. 113) in regard to changes in the Lake of Tavarigua, in the

vicinity of New Valencia, in South America, otherwise they also might

have found a place here, as they show that a destruction of forests

had been followed by a lowering of the waters of the lake, and the

reproduction of the forests, consequent on the abandonment of culti-

vation, had been followed by a replenishing of the lake.

By Dr Hough, who has given much attention to the subject in

America, it is stated, that " some twenty-five years ago the Danish

sland of Santa Cruz was a garden of freshness, beauty, and fertility.
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Woods covered the hills, trees were eveiywhei'e abundant, and the

rains profuse and frequent. A recent visitor who sought the Island,

with which he had been familiar in the time of its greatest beauty,

for the sake of botanical study, a year or two since, found a third

part of it reduced to a desert. The short copious showers had

ceased, and the process of desiccation was gradually extending over

the island. An attempt to restore the former fertility, by means of

planting, was made too late. One planter had set a thousand trees,

but every one of them failed."

" The island of Curacoa," again says he, " was, within the memory
of living persons, a garden of fertility. But now whole plantations,

with their once beautiful villas and terraced gardens, are nothing but

an arid waste ; and yet, sixty miles away, along the Spanish Main,

the rankest vegetation covers the hills, and the burdened clouds

shower down abundant blessings."

A writer in the Edinburgh Review, whom I have already had

occasion to quote, citing as his authority, I presume, Dr Robert

Brown, says, " ' By the destruction in France of a great extent of

forest,' writes Dr Brown, ' in order to replace them by cultivated

fields, the temperature has become very irregular ; heavy rains,

storms, and dryness, have each done their work upon the soil, and

made crops every year more and more uncertain.' In the Vosges,

the destruction of forests has gone so far that agriculture has suffered,

the soil has become arid, and inundations are frequent In the

Department of the Gard, in 1837, no rain fell for nine months.
" Nismes, named from the forests which once surrounded it, is now

amid an arid waste. At Beziers, the Agricultural Society reported in

1797 that the forest which once sheltered the place having been

destroyed, the loss of the olive crop was the consequence. The
authorities of the Izere reported, in 1793, that the destruction of the

forests had altered the temperatui'e, augmented dryness, and seriously

affected the crops. From Provence, from the valley of the Moselle,

from that of the Haute Garonne, from the Herault, and from the

Eastern Pyrenees, come complaints of the same nature. The regular

rain-fall has been diminished, the temperature has changed and

become uncertain, and partial and irregular storms have proved

curses rather than blessings whei'ever the forests have been ruthlessly

swept away."

These statements also are all of them in accordance- with what

has been reported with greater detail in regard to St. Helena and

Ascension.
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Local Effects of Forests on the Rainfall.

In preceding chapters the principal subject has been the efltect of

forests on humidity, and any mention made of rain Has been only in-

cidental. In this chapter that prominence is given to this ; and it is

the local effects in contradistinction to the eflFects of forests, or of the

destruction of these over a wide expanse of country, which is brought

under consideration.

In these preceding chapters oftener than once mention has been

made of the rainfall as supplying indications of humidity, or of com-

parative aridity ; and looking at these we have found that though the

desiccation of some countries has followed the destruction of forests,

in others no appreciable eflfect has been produced on the quantity of

rainfall over a wide expanse of country. But we have found marked

effects on the humidity of both soil and climate produced over a more

limited range, both by the destruction of forests and by the planting

of trees where they were not before, or where they had been destroyed.

And by further limiting and localising our observations we may be

able, with advantage, to follow up the observations which have been

made, and ascertain more satisfactorily the meteorological effects of

forests in relation to moisture. As a preliminary to the consideration

of the effect of forests on the rainfall, it may be well to consider how

rain and rivers are produced.

It may be hundreds are prepared, if asked. Whence comes the rain ?

and. Whence come the rivers ? to tell that the rain comes from the

clouds, and the rivers, from springs among the hills. But we require

to go a little further in our consideration of the matter before we can

determine the effects of forests and of the destruction of forests on

the rainfall and on rivers. Whence come the clouds ? Oh, from the sea.

And how do they spring from the sea 1—And how are they formed 1—
And how can the formation of them be affected by forests, or by laud

denuded of forests, as in some cases both the rainfall and the rivers

appear to be 1—And why is it so in these cases and not in others 1

These and a hundred other questions suggest themselves on our
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entering on this new phase of enquiry. And in view of these, it

seems expedient to begin at the beginning ; and by anticipating,

prevent the questionings which might have no end if a different

course were followed.

Sect. I.

—

On the Production of Rain.

In consequence of the comparative heat in the tropics the air there '

expands, and colder air of gi-eater density flowing in over the surface

of the earth or sea, the expanded air is borne upwards from below,

till, cooled at a higher elevation, it begins to descend, to the north

and to the south of the equatorial region ; but, excepting in excep-

tional circumstances, it reaches not the earth again until it has been

cooled down to the temperature of the air at that lower level. This

process going on continuously, there are produced two sets of currents

in the atmosphere : one from the Northern Artie regions, sweeping

along, over earth and sea, towards the equator, occasioning the north-

east Trade Winds, and the north winds and east winds so dreaded by

the sufferers from rheumatism in the northern hemisphere ; and

another from the Southern Antartic regions, sweeping along in like

manner, on or near the surface of the globe, towards the equator,

occasioning the south-east Trade's and the famous South-easter of the

Cape of Good Hope. But though these two sets of currents inter-

mingle, it may be, at the equator, they can scarcely be said to combine;

for, ascending there in a coujoined mass, each portion curves over

almost in its entirety towards the region whence it conies, but with a

tendency from west to east, instead of that from east to west with

which it came. This is accounted for thus : the earth rotates from

west to east, carrying with it not only the water of the sea but the

air of the atmosphere ; being a sphere, or spheroid, each spot in the

polar regions is carried through a more limited space in the twenty-

four hours than is any spot nearer to the equator ; its motion per

hour, minute, or second, is less rapid than is that of auy spot over

which the air may pass in its course to the equator ; and at this spot,

the wind, moving onward, without diminishing its velocity, may be

dragged forward a little ; but at last it will be left behind ; and thus

an apparent current from some easterly point to some westerly point

is given to the current flowing from the pole towards the equator.

And the returning currents from the equator, can-ying with them the

velocity from east to west, there acquired when they impinge upon
the surface of the globe, having a greater velocity in that direction
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thau that of the spot on which they strike, they seem to come from

some westerly point nearer to the equator.

Water in ectotact with air appears to be absorbed by it in a state

of vapour up to a point of saturation, varying with temperakire,

beyond which it cannot either absorb or retain more. As the air

advances from the polar regions towards the equator, its temperature

and consequent capacity of absorption are raised, and ere it reaches

the equatorial region it may have absorbed a quantity it could retain

where it is, but could not retain either at a greater height or in the

polar region whence it had come. Accordingly we find that in the

equatorial regions, when it is raised to a great elevation, and is thus

cooled, the air can no longer retain it all dissolved, and the surplus is

deposited in clouds. The moisture thus deposited, aWftected by

gravitation, passing through lower strata of a higher temperature,

not saturated, may be again absorbed ; and thus may be explained

the phenomenon of a continuously clouded sky unaccompanied by

rain, which is seen so frequently at sea, within the tropics, as almost

to be the characteristic of the sky in these regions.

The current returning to the polar regions from the equator, in

passing over mountains on the summits of which a polar temperature

prevails, being thus cooled down, and unable to retain more than a

little of the moisture with which they are charged, the surplus is

there deposited in the form of rain, or snow, or sleet, or hail.

To this also is attributable the humidity of the climate of England.

It may be traced to the prevalence of southerly and westerly winds,

•which come to us laden, not only with moisture which they may have

absorbed in passing over the Atlantic in their passage thither, but

with moisture previously absorbed in their passage from the pola*

towards the equatorial regions.

In England, the southerly and westerly winds are to northerly and

easterly winds in the proportion of 196 "4 to 135.

There are waves of wind which come sweeping over the Atlantic

from the north-west, but these are comparatively rare. Those which

come blowing from the south and the west, and more especially those

which cme blowing fi'om the south-west, have come at a higher

level, with an under current, between them and the ocean, flowing in

an opposite direction ; and these are the most prevalent winds in

England. The following are given by Steinmitz, in his little popular

work, entitled " Sunshines and Showers," as the mean of several

years as the number of days on which the following winds were

observed :

—
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North, days, 40-7. South, days, 34-2.

North-east,... „ 47-6. South-west,... „ 104-0.

East, „ 22-6. West, „ 38-0.

South-east,... „ 19-9. North-west,... „ 24.1.

The east wind, cooling down the atmosphere, may occasion rain
;

but all our deluges come from the south and west.

The air, whfin it reaches the polar regions, being greatly cooled

down, deposits its moisture in the form of snow; and of this are

formed the fields of ice which are characteristic of the Arctic and
Antartic regions alike.

By Dr Scoresby, it is reported that in the Arctic regions it snows

nine days out of ten in the months of April, May and June. With
southerly winds near the borders of the ice, where moist air, blowing

from the sea, meets with the cold breeze from the ice, the heaviest

falls of snow occur. In this case a depth of two or three inches falls

in an hour.

In crossing and recrossing the Atlantic, in certain latitudes,

frequently are fogs encountered : the cause and occasion is the same.

Fragments of Arctic glaciers broken off and floated away by oceanic

currents, as icebergs, cool down the ocean and the atmosphere nearer

to the tropics, and that to such an extent as to occasion a deposition

of moisture wherever they go, and it may be for a hundred miles

around them.

As some indication of the immensity of the quantity of moisture

brought back to high latitudes by the return currents in the upper

regions of the atmosphere, I would remind my reader of the immense

body of water composing Lake Superior, Lake Michgan, Lake Erie,

and Lake Ontario, in America, pouring over the Falls of Niagara

unceasingly, and flowing through the Thousand Isles into the St.

Lawrence ; and of the waters poured into the ocean by all the rivers

of the world, great and small alike : these are but the drainage of

the water precipitated by the way on the valleys through which they

flow ; I would remind him of glaciers of the Alps, the product of the

comparatively trifliug portion arrested by the higher part of that

mountain range as it was being borne onwards to the north ; and I

would remind him of the immensity of the deposits near to the

pole, not frozen sea, but frozen rain.

In a volume lately published, entitled " Under the Northern

Lights," by Mr MacGraham,—a correspondent of the " New York
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Herald," sent by the spirited proprietor of that paper on a voyage

of discovery, made by the Pandora, last year to the Arctic regions,

the expense being shared with him by the late Lady Franklin, and by

Captain Allen Young, who went in command of the vessel,—there is

given the following account of Greenland. Speaking of the interior

of the continent of Greenland as an icy solitude,— a secret unknown

to man, and likely ever to remain such,—he goes on to say :
—" Its

surface is 4,000 feet above the sea, and when you ascend to it you

will probably perceive somewhere on the plain which rises before you

in a slight ascent till it touches the sky two or three little sharp

conical hills, a few feet high, that pierce through the ice, and you

will be astonished to learn that these insignificant mole-hills are in

reality the tops of lofty mountains, that have been submerged

beneath the mighty inundation of ice. Somebody has said of

Switzerland that if it were ironed out it would be a very large

country. If Switzerland were about ten thousand times larger than

it is, and ice were then poured into it until it should be full up

nearly to a level with the highest mountain peaks, it would present

just the appearance of the interior of Greenland. And yet the

whole of this vast continent was at one pei'iod of the earth's history

green and fertile. There have been found here forests of carbonised

trees and plants, and the fossil remains of many animals that could

only have existed in a warm climate. Fossil corals and sponges are

often picked up now in Lancaster Sound and on the shore of Beechy

Island. It is certain that the climtite was soft and mild, and that

the country was covered with trees and verdure, and it is equally

certain that this terrible inundation of ice came and buried every

vestige of it, as Herculanseum and Pompeii were buried beneath the

ashes of Vesuvius. But, instead of the two poor little villages, and

perhaps a few square miles of the adjacent country, that Vesuvius

covered with its fine ashes as with a soft warm blanket, here is a

continent larger than the whole of Europe, buried beneatii a massive

sea of ice. It is as though the waters of the flood had suddenly

frozen to the very bottom, and had never thawed."

Such are " the treasures of the snow," and " the treasures of the

hail," to be found in the Arctic and Antartic regions of the earth,

borne thither from the equator and the tropics, ever in a state of

flux, but ever renewed by fresh accessions. Of the evaporation by

which this is maintained, the quantity of moisture taken up by the

air in its passage over earth and sea to the equator from the poles,

T cannot hope to convey either an adequate m- a definite idea. It is
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proportiouate to the area, the temperature, the time, the tension, and

much besides.

Even from the kind the evaporation is great. Maury, in his

treatise on the " Physical Geography of the Sea," (p. 274:), estinates

the annual amount of precipitation in the valley of the Mississippi at

620 cubic miles of water, and the discharge of that river into the sea

at 107 cubic miles; and he concludes that "this would leave 513

cubic miles of water to be evaporated from the river basin annually."

This is but one basin—a fuiTow on the dry land ; and then there is

the sea !

The evaporation from the Mediterranean, the Black Sea, and the

Sea of Azov, is reckoned at 50 inches on the whole extent of their

surface ; this is about 1,500,000 square miles, and a simple calcula-

tion shows that from these seas alone must be evaporated upwards

of 500 (508) cubic miles of fresh water.

A corresponding estimate and calculation shows that the annual

evaporation from the Ked Sea must amount to 165 cubic miles of

water.

Such are the quantities with which we have to deal in speaking of

evaporation from inland seas alone.

Of the whole surface of the earth, three-fourths are covered by

sea; that surface measures in round numbers 196 millions of square

miles, of which nearly 150 millions are covered by water. What

startles me is the consideration of the quantity of water which this im-

plies, and the question arises. What can have been its source 1 But it is

the evaporation from it with which alone we have at present to do.

We should probably err were we to reckon the evaporation, over the

whole area of the ocean, at the ratio of the evaporation which takes

place from the surface of the Red Sea and the Mediterranean, But

it is going on everywhere—in an increasing ratio, probably, towards

the equator, in a decreasing, towards the poles ; and apparently it is

not confined there to what is called the open sea. I have already

had occasion to refer to the statement by M. Hayes, in a work entitled

La mer liber du Pole, published in 1868, that thin wet linen exposed

to the air dries at the lowest temperature, and that a sheet of ice

suspended by a cord evaporates by degrees. He adds, " that evapora-

tion is more restricted near the coast than in the interior districts of

a country, and more restricted under an equatorial wind from the

south-west, than under a polar wind from the north-east, the former

being saturated with moisture, while the latter has been deprived of

its humidity."
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Of the moisture thus absorbed by the air from the wide oceau

and the inland sea, and borne onwards to the tropics, no trace is

seen in the atmosphere till the air is cooled below thft temperature

at which it can keep it so sustained. This happens when it is first

raised aloft, and when, on its return towards the poles, it impinges

on some mountain range or solitary peak.

But while the course detailed may be considered the normal

course of the air in its current to and from the equator, it is liable

to many disturbances.

It is not usual for two currents of water flowing in different, and

to some extent contrary directions, to glide past each other, each

pursuing its own way ; there is friction, and as a result of this friction

there are eddies and whirlpools. It is so when they flow side by side
;

it is so when they flow the one over the other ; and it is so with

these aerial currents : the upper current coming completely through

the lower, and producing those westerly winds, of which, otherwise,

we should have none in medium latitudes; and it is reasonable to

conclude by inference that there may be eddies of the lower current

passing into the uppei'. Every one of these disturbances must

affect the temperature, and consequent capacity of a great mass of

air to retain the moisture with which it is charged, and that in

different ways : for instance, the eddy of the warm upper current

may be so cooled down that it must deposit a great quantity of the

moisture which it held, or the eddy of the lower current cooling

down a portion of the upper cun'ent penetrated by it may render it

incapable of retaining all the moisture with which it was charged

;

and in each of these cases rain or snow, or hail, according to circum-

stances, may be the consequence. The eddy moreover may take a

wide sweep, developing into a whirlwind or cyclone, with a radius of

a hundred miles or more, and advancing onwards thousands of miles,

carrying disturbance of temperature, and of hydrometric conditions

wherever it goes. Similar whirlwinds I have seen produced upon a

smaller scale, with all the indications of capability of being in like

manner developed on a scale as gigantic, simply by the sun beating

on arid ground, or on ground from which water has evaporated.

In the centre of such a whirlwind the air of the district over which

it passes may be raised to such a height as to be cooled so low that

much of its moisture is precipitated, and falls in two parallel lines

of rain, or hail, marking the lateral limits of its course ; and over the

whole area of the ground traversed by it, embracing hundreds of

thouBands of square miles, and over all the area of the ground
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traversed by eddies thrown off by it, rain may be a cousequence of

disturbances of the hygrotnetric equilibi-iuai beyoai whit wis coai-

patible with the retention of tiie moisture by the air. A current of

cold air so brought into a body of warm air may cool this to a tempera-

ture at which it is saturated with a muoh less quantity than it con-

tains, and the excess will be precipitated as rain ; or a current of

warm air brought into a body of cold air may be so cooled down that

its surplus moisture is deposited in the form of rain.

Thus are clouds produced ; and a change of wind occasioning a

slight rise of temperature may cause the cloud to melt away into

transparent air, by the re-absorption of the vapour of which the cloud

was formed. The phenomena I have seen at the Cape of Good Hope

a hundred times. They are there of constant occurrence.

A correspondent from Sea Point writes :
—" On Thursday evening,

during the hard south-east gale, some very remarkable and beautiful

cloud effects were witnessed. Dark masses of cloud came driving

across the Lion's Back at a furious rate, obscuring the brilliant moon-

light. But in a few seconds after passing the zenith, their speed

became checked, and, at the same time, they began rapidly to

dissolve. Some of the cloud masses hung for a few seconds

apparently motionless between the opposing currents of wind.

Others again yielded to the counter current, and rushed back

furiously from the north, meeting the driving masses from the

south, and, almost in the moment of apparent meeting, dissolving

utterly away. It was like the unavailable charge of a gallant

body of light cavalry against a masked battery of artillery,—swept

away before the cruel storm. The sudden alternations of clear blue

sky, with black thunderous-looking masses of light fleecy clouds, and

the changing iridescent hues of the vapours as they drifted across

the moon, were very striking, and produced a scenic effect which

those who witnessed it will not soon forget."

By the clouds may be traced the aerial currents. Writing on this

subject, in connection with the distribution of rain, it is remarked by
Cezanne that, " From the elevated summit of a mountain above

which shines the sun in a cloudless sky, one may see under his feet

a tide of clouds rising up the slopes on one side of the range. It

impels its mobile billows into all the anfractuosities of the gorges,

lashes and surmounts the buttresses which stop it, in every respect

as does the ocean covered with foam the black head of the reef of

rock. By all the rocks, by all the depressions of the chasm, the

cloudy wave presses on, and pours itself over ou the slope on the
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opposite side : the highest summits alone emerge above the inunda-

tion ; but down the stream the clouds seem to be falling into an un-

fathomable void ; they are seen to be disappearing, and the slope on

this side, lit up with sunshine, offers a smiling contrast to the other,

which, immersed in the storm, is shrouded in a thick veil. The rain

in such circumstances is invisible to the observer, but he makes its

acquaintance a little later, when in his descent he passes through the

clouds, or, if the storm have then passed away, when he finds all the

streamlets on his road overflowing their banks."

When one is enabled thus to look down upon the clouds he may

see the atmospheric current in obedience to the laws of hydraulics.

It has its rapids, and its eddies, it strikes with fury against jutting

obstacles, and when it is contained between regular sloping hills it

abandons the convex mound, and presses itself out against the

concave bank. Thus is the aerial current made manifest.

Thus far we have had to do with the production of clouds ; the

transition to the consideration of the production of rain is easy.

This is thus detailed by Sir John Herschel* :
" When the sun

shines on a cloud which absorbs its Leat, the cloud itself is neces-

sarily evaporated, and the vapour by its levity tends to produce an

upward current, and thus to counteract the effects of gravity on

the globules of which it consists. A globule of water xeVo^^^ °^

an inch in diameter, in air of 5-6ths the density on the surface, or

at the height of about 5000 feet, would have its gravity counter-

acted by resistance, with a velocity of descent of one foot per second

(supposing no friction and no drag) ; and even if the terminal

velocity were reduced to half that quantity by these causes, would

still require some upward action to enable it to maintain its level,

—

a circumstance which sufficiently accounts for the lower level gene-

rally observed of cloud during the night. It is more probable,

however, that when not actually raining, a cloud is always in process

of generation from below and dissolution from above, and that the

moment this process ceases, rain in the form of ' mizzle ' commences.

In a word, a cloud would seem to be msrely the visible form of an

aerial space in which certain processes are at the moment in

equilibrio, and all the particles in a state of upward movement.

In whatever part of a cloud the original ascensional movement of

the vapour ceases, the elementary globules of which it consists,

• " Meteorology ;
" a volume reprinted from the Enoyclopanlia Britannica

.
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being abandoned to the action of gravity, begin to fall. By the

theory of the resistance of fluids, the velocity of descent in air of a

given density is as the square root of the diameter of the globule.

The larger globules therefore fall fastest, and if (as must happen)

they overtake the slower ones, they incorporate, and the diameter

being thereby increased, the descent grows more rapid and the

encounters more frequent, till at length the globule emerges from the

lower surface of the cloud, at the vapour plane, as a drop of rain
;

the size of the drop depending on the thickness of the cloud-stratum

and its density,"

From what has been advanced it appears that rain is simply the

precipitation from the air of moisture which happened to be held by

it in excess of the quantity which it could, at its reduced tempera-

ture, hold in solution. It differs from the cloud or fog only in being-

formed of drops produced by the mutual attraction of smaller drops

which are rapidly drawn by gravitation to the ground, instead of

floating long suspended, as the constituent lesser drops had been, in

the air. And this it may be well to bear in mind in proceeding to

the consideration of the local effects of forests on the rainfall.

Section II.— Tke Effects of Forests on the Quantity of the Local

Rainfall.

I have had occasion in a previous chapter to refer to the existence

of an opinion held by many, and widely-diffused, that forests and

mountains attract rain. I have otherwise explained the phenomena

which have been attributed to some attraction exercised by them

upon clouds, alleging and maintaining that the clouds seen in such

situations must have been produced there ; and I am disposed to

allege and maintain something similar in regard to rain.

The effects of trees on the humidity of the earth and atmosphere

has received the attention of several men of science and observation

in Britain, some of whom—Sir John Herschel and others—have

spoken out very decidedly on the subject. But in Britain it has

been less of a practical question, demanding attention as a means of

avoiding threatening calamities, than it has been in other lands ; and

while many of those who have given their attention more especially to

this subject speak decidedly, they spealc with the caution which science

demands. Boussingault says :
" My opinion is that the felling of

trees over a larqe c::tent of country has always the eflfect of lessening
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the mean annual quantity of rain." The deliverance of Becquerel is

in accoi'dance with this. He says :
" Great cleai*ings diminish the

quantity of spring water in a country." But he says, " It has not

been ascertained whether this effect should be ascribed to a less

quantity of rain which falls annually, or to a greater evaporation

from the soil of rain water, or to a new distribution of showers of

rain."

The opinions thus expressed are based on observations of facts.

But along with these facts there are other facts which have already

been referred to, and which require to be taken iuto consideration,

if we would learn the whole truth on the whole of the subject. It

has been stated that in the annual report of the Director of the

Meteorological Observatury in the Central Pa^^k of New York, for

1871, Mr Draper addresses himself to the question—Does the clear-

ing of land increase or diminsh the fall of rain 1 and in a preceding

chapter I have given his answer.

He gives summaries of observations made in each year, and in

each quarter of the years 1869, 70, 71 ; he states that the indica-

tions given by the instruments of the observations under his direc-

tion may be thoroughly relied on, and he concludes, " so far as these

years are concerned there does not appear any evidence of a decrease,

on the conti-ary, in the last, there is a very considerable excess on

either of the others."

Citing, then, observations made in England since 1677, and in

unbrokea continuance since 1725, in Scotland since 1731, in Ireland

since 1791, he shows that where a lengthened period and an

extensive area are embraced by the observation, there is a perfect

compensation, the deci'ease at one place being compensated by the

increase at another, and that even in the same locality this principle

of compensation might be seen.

When these facts are taken into consideration along with the

other facts which have been cited, the two classes of facts may at

first appear to the inconsiderate to be inconsistent and incompatible

with each other ; but if all be facts they must be compatible and

consistent, and a little consideration may suffice to show that they

are so.

f Harland Conltas, in a woi'k entitled "What may be learned from a

Tree," publishel in New York in 1860, in a passage cited by Marsh

says, " The ocean, winds, and woods, may be regarded as the several

parts of a great distillatory apparatus. The sea is the boiler, in
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which the vapour is raised by the solar heat. The winds are the
(

guiding tubes, which carry the vapour to the forests, where lower

temperature prevails. This naturally condenses the vapour ; and

showers of rain are thus distilled from the cloud masses, which float

in the atmosphere, by the woods beneath them." All which is true.
\_

By Marsh it is said:
—"We cannot positively affirm that the

total annual quantity of rain is even locally diminished or increased

by the destruction of the woo Is, though both theoretical considera-

tions, and the balance of testimony, strongly favour the opinion that '

more rain falls in wooded than in open countries. An important)

conclusion, at least, upon the meteorological influence of forests, is

certain and undisputed : the proposition namely, that within their

own limits, and naar th^ir own borders, they maintain a more

uniform degree of humidity in the atmosphere than is observed in

cleared grounds : scarcely can it be questioned that they tend to

promote the frequency of showers, an 1, if they do not augLiieut the

amount of precipitation they probably equalize its distribution

through the different seasons."

" The strongest direct evidence which I am able to refer to in

support of the proposition that the woods produce even a local

augmentation of precipitation, is furnished by the observations of

Mathieu, sub-director of the Forest School at Nancy. His pluvio-

metrical measux'ements, continued for three years, 1866-1868, show

that during that period the annual mean of rainfall in the centre of

the wooded district of Cinq-Franch6es, at Belle Fontaine on the

borders of the forest, and at Amauce, in an open cultivated

territory in the same vicinity, was respectively as the numbers 1000,

957, and 853." In an appendix, Mr Marsh inserted a statement that

•* Fautrat and Sartiaut placed at an elevation of six metres above a

grove of oaks and elms, of twenty years growth and eight or nine

metres height, in the forest domain of Halette, pluviom^tres and

other meteorological instruments, and like instruments at the same

elevation in the open ground three hundred metres from the forest.

In the months February to July inclusive, the rainfall above the trees

was found to be 192. 50°^™ and during the same period 177™"" in the

open ground. Comptes-Rendus, t, LXXIX, 409.

The observations made by Mr Mathieu are thus summed up by

himself, in his report to the Director-General of the Forest Adminis-

tration :

—

" In 1868 there fell on cleared spaces within the forest region more

rain than beyond the borders of this ; on agricultural land the fall was

Q
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least of all. This result agrees entirely with those obtained in pre-

vious years, and tends more and more to present itself as a law.

The following table has been prepared to make this apparent :

—

9 Last Months of IS 66,

11 Do. 1867,

12 Months of 1868,
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received less water than the latter, and further, that in this case the

arrangement of the sides of the mouutains exercised a prepon-

derating influence, and one which masiied that of the forests."

M. Cezanne has given attention to the effect of the configuration

of the laud upon the quantity of the rainfall. He has shown that this

is determined, not only by altitude, but by the incidence with which a

pluvial wind may strike upon any precipice or slope which opposes it,

the rainfall being greater in proportion as the atmospheric current

arrested by an obstacle is compelled to rise more rapidly. Hence

the objection stated by him.

Some, if not all, of the so-called caprices, to which M. Cezanne refers

(while I consider the designation, which originated not with him, not

altogether appi*opriate), I shall afterwards have ocoasioa to cite, and

also the experiments made by M. Belgraiid. Here it is enough to

have established that the popular opinion in regard to the effect of

forests on the rainfall has received support from scientific observa-

tions, but that it may require considerable modification to bring it

into perfect accordance with the matter of fact.

It is with this as it is with many other popular observations on

the weather, which may be said to embody correct observations, but

which have this solid substratum of truth overlaid with much which

is not entitled to be considered such—the confiding trust with wliich

they are received and propounded may be attributable to the

confident and explicit expression in which they are couclied. The
uneducated are often impatient of dubiety, or want of explicitness of

thought ; and they are ready to impose this upon a vague or ambiguous

statement with which they are not satisfied ; and the half-

educated, again, are prone to generalise rashly, and go far beyond

what strict induction would warrant. Education by philosophy may
regulate this tendency and make it productive of good ; and the

study of science may train the educated man to suspend his

judgment in regard to the absolute, while resting with full confidence

on ascertained facts. The generally received opinions in regard to

the effect of trees on humidity, to the extent to which they have

been confirmed by observations, are accepted and issued recoined,

with a new impress, by such men of science ; but the impress on the

coin, limits, while it defines its value, and to pass them as equivalent

to more than their determined value ; were to mislead, though there

might be no intention to deceive. The statement made by Mr
Marsh, and the testimony of M. Mathieu, seem then to confirm and

limit, the popular opinion in regard to the effect of forests upon the
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rainfall, and what i3 thus certiBed is in accordance with all that has

been advanced in preceding chapters.

Rain has been spoken of as the precipitation from the air of

moisture in excess of what could be sustained in solution at the

temperature at the time. The increased moisture passed into the

atmosphere by evaporation through the stomates of the leaves must

render the air surmounting and surrounding a forest more liable to

be affected by any change of wind than air in the open field. This

it will do irrespective of any other means whereby the quantity of

moisture in the air there may be increased; and thus may the increase

of rainfall in question be accounted for.

There may also be an increase of rainfall occasioned by the repeated

evaporation and precipitation of the same moisture : it is not the

source of the moisture but the measure of the precipitation occurring

in the locality which is alone in question here.

Besides this, it is alleged, and I believe correctly, that the heated

air passing over a forest becomes cooled, and may thus be led to

deposit the moisture with which it is charged.

While it is thus that trees generally act in maintaining the

humidity of the district in which they grow, it is not impossible that

they may act also in a way much more like what may be called

attracting rain, by their acting as lightning conductors.

If a small pan with a perforated bottom be filled with water, and

suspended from the pi-ime conductor of an electrical machine, on the

cylinder being put in motion, the water, instead of slowly dropping

as it did before, pours in torrents through the perforations in the

bottom of the pan, an electric attraction as well as an attraction of

gravitation drawing it downwards. And this experiment has been

employed to illustrate the thunder shower. Tapering points are

found to have the eflPect of drawing off a surchai'ge of electricity from

a body towards which they are directed ; and thus, it may be, do

trees occasionally act as lightning conductors, attracting the electric

fluid, and thus l)ringing the water charged with it.

Observations have been reported to me which are in accordance

with this supposition.

The Rev. J. Thomas, of Capetown, writes to me that when occupy-

ing a station of the Wesleyan Missionary Society on the West Coast

of Africa, on one occasion when on a journey from the interior in

1848, he and his fellow-travellers came one evening to a forest where
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they spent the night under the shelter of some large and lofty trees.

About two A.M. it began to rain, and it raiued about three hours,

when it poured in torrents, and continued to do so till they left the

place. On mentioning the circumstance they were informed that

just in that place it frequently rained in the manner they had de-

scribed.

I accept the statement because I have no reason to question the

correctness of the observation. I suspend my judgment, and lie open

to light, as our fathers were wont to say, in regard to the occasion of

the down-pour. My pi-ejudices are in favour of the supposition that

it was a passing thunder-shower, unaffected by the trees one way or

another to a perceptible extent ; but it is in accordance with views such

I have stated, and which I know to be held by others ; and I cite it

as a case which, having been communicated to me, I ought not to

ignore because it is at variance with more general views which I

entertain.

Sect. III.

—

Effects of Forests atid of the Destruction of these on

Rivers, and Streams, and Springs.

It is a somewhat prevalent opinion that as rain proceeds from the

clouds, rivers have their primary source in springs ; and along with

this opinion it is held by many that the primai-y function of rivers is

to carry moisture to lands which otherwise would be barren, and

there to diffuse fertility. But, in point of fact, no water springs from

the ground which has not previously been deposited from the atmos-

phere ; and the primary fuuction of streams, bi'ooklets, and rivers is

simply to carry off surplus moisture in excess of what the soil can

retain.

As rain is produced by the gravitation to the earth of surplus

moisture in the atmosphere in excess of what the air can contain

suspended in a state of invisible vapour at the temperature to which

it has been reduced, rivers are produced by the gravitation to a lower

level of the surplus water so precipitated iu excess of what is absorbed

by the earth or evaporated again into the atmosphere.

The popular phraseology in regard to many things is far from

being in exact accordance with scientific conceptions. We speak of

catching cold, of the rising sun, and of the new moon. And so we
speak of the little spring of water at the greatest distance or the

highest elevation from the mouth of a I'iver as its source ; but no

one supposes that the whole of the waters of the river come from this.
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It may be that there is not au inch of its course, or of the courses

of its numerous tributaries aud affluents, which does not pass

many of its sources, chauuels of capillary dimeasious, through

which, from time to time, such excess of rainfall has drained oflF, or

may drain oflf, into its bed, by which the accumulated drainings are

drained oflf into the sea, if they be not absorbed or evaporated by the

way.

It is under this aspect of springs, and streamletss, and rivers, we
should look at them while considering the local effect upon them of

forests, or of the destruction of these.

At a conference which I attended in Swartland, at the Cape of

Good Hope, after I had given expression to my views on this subject, one

gentlemai who was present stated that a neighbour of his had

planted on his place twelve trees twenty years before, or twenty trees

twelve years before, I do not remember which, and that he did not

believe one drop more rain had f illen in the district since these trees

had been planted than usually fell before ! And I think it not im-

possible that this may have been the case ; but there are other ways

besides increasing the quantity of the ramfall in which trees may act

upon the humidity of a country, and even on the rainfall in a way

beneficial to man and beast.

It has frequently been remarked that springs, and streamlets, and

rivers, which have flowed permanently in the vicinity of forests have

ceased to flow when these forests have been destroyed ; nor are cases

awanting of their flow having been resumed when, by plantations or

natural reproductions, the destroyed trees have been replaced by

Others ; cases have been cited ; and, while apparently in certain

circumstances even the extensive destruction of forests has not

perceptibly affected the deposit of moisture over a widely extended

region, facts are not awanting illustrative of what has been

referred to occuring on an extended, as well as on a limited, scale.

The observations made by Mr Draper in regard to undiminished

rainfall in America must command acceptance. But along with

these we must attend also to the following.
•

In the Report of the Commissioners of Agriculture, for 1869, it is

stated :
—" From all parts of the State of Maine come up the same

complaint of the diminished volume of water in the streams,

occasioned by clearing off the forests and denuding the hills of trees.

The snows are not so heavy, nor so frequent, as they were twenty or
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thirty years ago ; and there is less rain in the summer. Many of

the old trout streams of twenty years ago are now completely dry,

and several parts of the State suffer mure than formerly from

droughts. Snow covers and protects the ground with less

regularity."

There is thus brought before us also another of the effects of forests,

or rather of the destruction of forests, but the discussion of this

cannot be prosecuted here without distracting attention from what

more immediately concerns us.

Mr Marsh in his treatise on " The Earth as Modified by Human
Action," in writing of the Influences of the Forest on the flow of

springs, says :
—" It is an almost universal and, I believe, well-founded

opinion, that the protection afforded by the forest against the escape

of moisture from its soil by superficial flow and evaporation insures

the permanence and regularity of natural springs, not only within

the limits of the woods, but at some distance beyond its borders, and

thus contributes to the supply of an element essential to both

vegetable and animal life. As the forests are destroyed, the springs

which flowed from the woods, and, consequently, the greater water-

courses fed by them, diminish both in number and volume. This

fact is so familiar in the American States and the British Provinces,

that there are few old residents of the interior of those districts who

are not able to testify to its truth as a matter of personal observation.

My own recollection suggests to me many instances of this sort, and

I remember one case where a small mountain spring, which dis-

appeared soon after the clearing of the ground where it rose, was

recovered about twenty years ago, by simply allowing the bushes and

young trees to giow up on a rocky knoll, not more than half an acre

in extent, immediately above the spring. The ground was hardly

shaded before the water reappeared, and it has ever since continued

to flow without interruption. The hills in the i^tlantic States

formerly abounded in springs and brooks, but in many parts of these

States which were cleared a generation or two ago, the hill-pastures

now suffer severely from drought, and in dry seasons furnish to

cattle neither grass nor water."

And in regard to the effect of the destruction of forests on the

diminution of springs, he subsequently says there is no want of

positive evidence on the subject.

Marchand cites the following instances :

—

•' Before the felling of the woods, within the last few years,

in the valley of the Soulce, the Combe-^s-Mounin and the Little
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Valley, the Some furnished a regular and sufficient supply of water

for the ironworks of Uuterwyl, which was almost uaafFeoted by

drought or by heavy rains. The Same has now become a torrent,

every shower occasions a flood, and after a few days of fine weather

the current falls so low that it has been necessary to change the

water-wheels, because those of the old construction are no longer

able to drive the machinery, and at last to introduce a steam-engine

to prevent the stopage of the works for want of water.

" When the factory of St. Ursanne was established, the river that

furnished its power was abundant, and had, from time immemorial

sufficed for the machinery of a previous factory. Afterwards, the

woods near its sources were cut. The supply of water fell oflf in con-

sequence, the factory wanted water for half the year, and was at last

obliged to stop altogether.

" The spring of Combefoulat, in the commune of Seleate, was well

known as one of the best in the country ; it was remarkably abundant,

and sufficient, in the severest droughts, to supply all the fouutains of

the town ; but since considerable forests were felled in Combe-de-

pr6 Martin and in the valley of Combefoulat, the famous spring,

which lies below these woods, has become a mere thread of water, and

disappears altogether in times of drought.

" The spring of Varieus, which formerly supplied the castle of

Pruntrut, lost more than half its water after the clearing of Varieux

and Rougeols, These woods have been replanted, the young trees

are growing well, and, with the woods, the waters of the spring are

increasing.

" The Dog Spring between Pruntrut and Bressancourt has entirely

vanished since the surrounded forest-grounds were brought under

cultivation.

" The Wolf Spring, in the Commune of Soubey, funiishes a remark-

able example of the influence of the woods upon fountains. A. few

years ago this spring did not exist. At the place where it now rises,

a small thread of water was observed after very long rains, but the

stream disappeared with the rain. The spot is in the middle of a

very steep pasture inclining to the south. Eighty years ago the

owner of the land, perceiving that young firs were shooting up in the

upper part of it, determined to let them grow, and they soon formed

a flourishing grove. As soon as they were well grown, a fine spring

appeared in place of the occasional rill, and furnished abuniant

water in the longest droughts. For forty or fifty years this spring

was considered the best in the Clos du Doubs. A few years since,
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the grove was felled, and the ground turned again to a pasture.

The spring disappeared with the wood, and is now as diy as it was

ninety years ago."

" Siemoui gives the following remarkable facts from his own

personal observation :

" In a rocky nook near the crest of a mountain in the Tuscan

Appennines, there flowed a clear, cool, and perennial fountain,

uniting three distinct springs in a single current. The ancient

beeches around and particularly above the springs were felled.

On the disappearance of the wood, the springs ceased to flow, except

in a thread of water in rainy weather, greatly inferior in quality to

that of the old fountain. The beeches were succeeded by firs, and as

soon as they had grown sufficiently to shade the soil, the springs

began again to flow, and they gradually returned to their former

abundance and quality.

" This and the next preceding case are of great importance both as

to the action of the wood in maintaining springs, and particularly as

tending to prove that evergreens do not exercise the desiccative

influence ascribed to them in France. The latter instance, shows,

too, that the protective influence of the wood extends far below the

sui'face, for the quality of the water was determined, no doubt, by

the depth from which it was drawn. The slender occasional supply

after the beeches were cut was rain-water which soaked through the

superficial humus and oozed out at the old orifices, carrying the taste

and temperature of the vegetable soil with it ; the more abundant and

grateful water which flowed before the beeches were cut, and after

the firs were well grown, came from a deeper source and had been

purified, and cooled to the mean temperature of the locality, by

filtering through strata of mineral earth."

"The influence of the forest on springs," says Hummel, "is

strikingly shown by an instance at Heilbronn. The woods on the

hills surrounding the town are cut in regular succession every

twentieth year. As the amiual cuttings approach a certain point,

the springs yield less water, some of them none at all ; but as the

young growth shoots up, they flow more freely, and at length bubble

up again in all their original abundance."

" Dr Piper states the following case :
' Within about half a mile of

my residence there is a pond upon which mills have been standing

for a long time, dating back, I believe, to the first settlement of the

town. These have been kept in constant operation until within some

twenty or thii-ty years, when the supply of water began to fail. The
B
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pond owes its existence to a stream that has its source in the hills

which stretch some miles to the south. Within the time mentioned,

these hills, which were clothed with a dense forest, have been almost

entirely stripped of trees ; and to the wonder and loss of the mill-

owners, the water in the pool has failed, except in the season of

fi'eshets ; and, what was never heard of before, the stream itself has

been entirely dry. Within the last ten years a new growth of wood

has sprung up on most of the land formerly occupied by the old

forest ; and now the water runs through the year, notwithstanding

the great droughts of the last few years, going back from 1856.'

" Dr Piper quotes from a letter of William C. Bryant the following

remarks :
* It is a common observation that our summers are be-

coming drier and our streams smallez*. Take the Cuyahoga as an

illustration. Fifty years ago large barges loaded with goods went up

and down that river, and one of the vessels engaged in the battle of

Lake Erie, in which the gallant Perry was victorious, was built at

Old Portage, six miles north of Albion, and floated down to the lake.

Now, in an ordinaiy stage of the water, a canoe or skiflF can hardly

pass down the stream. Many a boat of fifty tons burden has been

built and loaded in the Tuscarawas, at New Portage, and sailed to

New Orleans without breaking bulk. Now the river hardly affords a

supply of water at New Portage for the canal. The same may be

said of other streams—they are drying up. And from the same cause

—^the destruction of our forests—our summers are growing drier and

our winters colder,'

" Becquerel and other European writers adduce numerous other

cases where the destruction of forests has caused the disappearance of

springs, a diminution in the volume of rivers, and a lowering of the

level of lakes, and in fact, the evidence in suppprt of the doctx'ine I

have been maintaining on this subject seems to be as conclusive as

the nature of the case admits. We cannot, it is true, arrive at the

same certainty and precision of result in these inquiries as in those

branches of physical research where exact quantitative appreciation

is possible, and we must content ourselves with probabilities and

approximations. We cannot possibly affirm that the precipitation in

a given locality is increased by the pi'eseuce, or lessened by the

destruction, of the forest, and from our ignoi'ance of the subterranean

circulation of the waters, we cannot predict, with certainty, the dry-

ing up of a particular spring as a consequence of the felling of the

wood which shelters it; but the general truth, that the flow of

Bpringi and the normal volume of rivers rise and fall with the exteu-
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sion and the dimiuution of the woods where they originate and

through which they run, is as well established as any proposition is

in the science of physical geography.

" Of the converse proposition, namely, that the planting of new
forests gives rise to new springs, and restores the regular flow of

rivers, I find less of positive proof, however probable it may be, that

such effects would follow. A reason for the want of evidence on the

subject may be, that, under ordinary circumstances, the process of

conversion of bare gi'ound to soil with a well-wooded surface is so

gradual and slow, and the time required for a fair experiment is con-

sequently so long, that many changes produced by the action of the

new geographical element escape the notice and the memory of

ordinai-y obsei-vers. The growth of a forest, including the formation

of a thick stratum of vegetable mould beneath it, is the work of a

generation, its destruction may be accomplished in a day ; and hence,

while the results of one process may, for a considerable time, be

doubtful, if not imperceptible, those of the other are immediately

and readily appreciable. Fortunately, the plantation of a wood pro-

duces other beneficial consequences, which are both sooner realised

and more easily estimated ; and though he who drops the seed is

sowing for a future generation as well as for his own, the planter ofa

grove may hope himself to reap a fair return for his expenditure and

his labour."

We do not always find all facts in manifest accordance with con-

clusions towards which we may be advancing, or to which we may
previously have come ; and though every fact must necessarily be in

accordance with every other fact we may often find it necessary to

take into account conflicting influences, the effect of which must be

determined ; and to the preceding statement Mr Marsh has appended

the following note :

—

" Some years ago it was popularly believed that the volume ot the

Mississippi, like that of the Volga and other rivers of the Eastern

Hemisphere, was diminished by the increased evaporation from its

basin and the drying up of the springs in consequence of the felling of

the forests in the vicinity of the sources of its eastern affluents. The

boatmen of this great river and other intelligent observers now assure

U8, however, that the mean and normal level of the Mississippi has

risen within a few years, and that in consequence the river .is navi-

gable at low water for boats of greater draught and at higher points

in its course than was the case twenty-five years ago.

" This supposed increase of volume has been attributed by some to
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the recent re-wooding of the prairies, but the plantations thus far made

are not yet sufficiently extensive to produce an appreciable effect of

this nature ; and besides, while young trees have covered some of the

prairies, the destruction of the forest has been continued perhaps in a

greater proportion in other parts of the basin of the river. A more

plausible opinion is that the substitution of ground that is cultivated,

and consequently spongy and absorbent, for the natural soil of

the prairies, has furnished a reservoir for the rains which are

absorbed by the earth and canned gradually to the river by sub-

terranean flow, instead of running off rapidly from the surface, or, as

is more probable, instead of evaporating or being taken up by the

vigorous herbaceous vegetation which covers the natural prairie.

*' A phenomenon so contrary to common experience, as would be a

permanent increase in the waters of a great river, will not be

accepted without the most convincing proofs. The present greater

facility of navigation may be attributed to improvements in the

model of the boats, to the removing of sand-banks and other impedi-

ments to the flow of the waters, or to the confining of these waters in

a narrower channel, by extending the embankments of the river, or

to yet other causes."

A case similar to that occurring on the Wolfspring was reported

to me by Mr S. Van Reenan, of Coustantia. The site of the cele-

brated vineyard so long in possession of his family, measuring some

45 acres, or 22|^ Morgeus, was when granted to his forefather a

forest. There was then on it an abundance of water, such abundance

that though there was no spring on the property there was a large

reservoir and large pond in front of the house, supplied and main-

tained by a stream of water, at least four inches in diameter. But

when the forest was felled, and the vineyard planted in its place, the

supply of water gradually diminished till it was reduced to a supply

one inch in diameter, and ultimately to a supply measuring only a

quarter of an inch.

On the same ground he afterwards formed a plantation, to the

destruction of which by fire I have elsewhere had occasion to refer.

In regard to this he informed me that on the abolition of slavery,

probably about 1838, he feai-ed he should not be able to keep so

much vineyard under cultivation as he had previously done, and he

.employed several of his slaves in sowing seeds of the Cluster pine and

of the Stone pine (Pimts pinastei', and Pinvs j^inea). In one night,

specified by him to me as the night on which the " Vulcan" entered
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Table Bay with the German Legion, the wood thus formed was con-

sumed by a fire, occasioned by one of his neighbours burning the

bush on his farm, and I understood him to say that the effects were

again the same : a somewhat copious flow of water, which had been

re-established during the growth of the trees, was suddenly stopped

by the denudation of the soil.

In a preceding chapter I have stated that Dr Moffat follows up the

details given by him of the destruction of trees by Bechuanas, which

I have cited, with the remark, " To this system of extermination may

be attributed the long succession of dry seasons." " To the the same

cause," says he, " may be traced the diminution of fountains, and the

entire failure of some which formerly afforded a copious supply, such

as Griqua Town, Campbell, and a great number of others which might

be mentioned. It has been remarked that since the accidental

destruction of whole plains of the Olea similis (wild olive) by fire, near

Griqua Town, as well as the diminishing of large shrubs on the

neighbouring heights a gradual decrease of rain has succeeded in that

region." And Chapman accompanied infoi'mation which he gave to me
in regard to the destruction of forests in the interior with a similar

observation. Moffat relates that on his settlement at Latakoo " the

natives were wont to tell of the floods of ancient times, the incessant

showers which clothed the very rocks with verdure, and the giant trees

and forests which once studded the brows of the Mamhana hills and

neighbouring plains. They boasted of the Kururnan and other rivers,

with their impassable torrents, in which the hippopotami played, while

the lowing herds walked to their necks in grass, filling their mahilcas

(milk sacks) with milk, making every heart to sing for joy."

He speaks of that river as issuing from caverns in lime stone hills,

full foi'med, like Minerva fully equipped fi'om the head of Jove ; he

writes in 1842 "that it no longer continued to send forth the torrents

it once did :" he speaks of it as " once a large river emptying itself

into the Gariep, or Orange River, at a distance below the water-fall;"

but as then by absorption lost in its bed about ten miles to the north-

west of its source.

In my own tours throughout the Colony I found everywhere in the

superficial aspect of the country indications that, at a period not very

remote, it must have been a land well-watered everywhere. I found

that within the memory of the present occupants of the land there

has been a remarkable change in the aridity, both of limited and of

extensive districts. And I found that in not a few places the change

was observed to follow immediately the destruction of bush. Details
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I have given iu a separate volume on the *' Hydrology of South

Africa."

By Surell it is mentioned, in a note appended to his Etude sur les

Torrents des Hautes Alpes, " There has been discovered the existence,

in the time of the Romans, of a great corporation of watermen

established on the Durance, which proves that there was then a

considerable flottage, or transport, of timber in rafts, which has been

for a long time given up entirely, and which proves also that this

department was then covered with abounding forests, of which there

exist now only but meagre shreds." But now, that river has

made for itself a bed which in some places exceeds a mile and a

quarter in breadth, while the ordinary flow of the river is confined to

a current little more than thirty feet in width ; and from Young's

travels in France it appears that so early as 1789 it was computed to

have covered with gravel and pebbles not less than 130,000 acres,

" which, but for its inundations, would have been the forest land in

the province." Thus have we there land undermined and washed

away,—fertile land covered with the debris, and the fertilizing

material carried away to the sea.

The fact in regard to the former state of the Dui'auce is mentioned

also by Ladoucette in his Histoire, &c , des Hautes Alpes.

In the Ami des Sciences, of -December 11, 1873, there is given

the following statement by M. Cantegril, sub-inspector of forests.

In explanation of one of the statements in this I may state that,

with a view to the conservation and improvement of the forests of

France, certain regulations had been laid down for the re-arrangement

of the forests of the States, and liberal arrangements made for the

extension of these regulations, to the management of forests belong-

ing to communes, where this could be done with their consent.

" Upon the territory of the commune of Labruguifere (^Tarn) there

is a forest of 1,834 hectares, (4,524 acres,) known as the forest of

Montant, and owned by the commune. It extends northward on the

Montagne-Noire, and the soil is granitic, with a maximum altitude of

1,243 meters, and a slope of from 15 to 60 in 100. A little water-

course, the Caunan brook, rises in this forest and drains the waters

of two-thirds of its surface. At the entrance of the forest, and along

this brook, are located several fulling mills, each requiring eight

horse-power, and moved by water-wheels which work the beaters of

the machines.

"The commune of Labru^uiere had lono- been noted for its
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opposition to the forest regulations; and the cutting of wood, together

with the abuse of pasturage, had converted the forest into an immense

waste, so that this great pi'operty would hardly pay the cost of

guarding it and afibrd a meagre supply of wood for its inhabitants.

" While the forest was thus ruined and the soil denuded, the waters

after each heavy rain swept down through the valley, bringing with

them great quantities of gravel, the debris of which still encumbers

the channel of this stream. The violence of these floods was some-

times so great that they were compelled to stop the machines for

some time. But in the summer time another inconvenience made its

appearance. Little by little the drought extended, the flow of waters

became insignificant, the mills stood idle, or could be run only

occasionally for a short time.

" About 1840 the municipal authorities began to give information to

the population relative to their true interests, and under the protection

of a better supervision the work of replanting has been well managed,

and the forest is to-day in successful growth.

" In proportion as the replanting progressed, the precarious use of

the mills ceased, and the regime of the water-courses was greatly

modified. They now no longer swelled into sudden and violent floods,

compelling the machines to stop, but the rise did not begin until six

or eight hours after the rains began. They rose steadily to their

maximum, and then subsided in the same manner. In short, the mills

were no longer obliged to stop work, and the water was alwa,ys enough

to run two fulling machines, and sometimes three.

" This example is remarkable in this, that all the other circumstances

had remained the same, and therefore we can only attribute to the

reforesting the changes that occurred, namely, diminution of the flood

at the time of rain, and an increase in its flow during other times."

From a report made by Henry J. Wisner, United States Consul at

Sonneberg, in the Department of State, in November, 1873, the river

Elbe between the years 1787 and 1837, a period of half a century,

diminished at Attenbruecke, in Hanover, ten feet in depth, as a direct

result of the cutting off of forests in the region where the tributaries

have their origin.

In 1873, there appeared in the Zeitschrift des osterr, Ingenieur

und Architecten Vereins, a paper by Herr Gustav Wex, Counsellor

of State, and Director-in-Chief of works undertaken for the regu-

lating of the flow of the Danube, " On the Diminution of Water in

Streams and Rivers, accompanied by Occasional Inundations in
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Agricultural districts." In this the author, after having in an Intro-

duction shown the gi'eat importance of the subject, invites his

colleagues as well as other naturalists to examine his book, and

appeals for the support of the Government in favour of his pro-

positions, especially those departments of the Government which are

more specially occupied with the care and defence of the economical

interests of the public ; after which he treats, in the first place, of the

diminution of water in the rivers and streams, and consequently the

diminution in the out-flow. He proceeds upon personal observations

during a period of forty years, made on the Austro-Hungarian great

rivers and streams, with relation to the conditions of their out-flow,

and he comes to the conclusion that the volume of water at present

discharged has decreased considerably during a series of yeai*s.

Corresponding facts have been attested also by others, and judging

from these they have given their opinion that the volume of water

discharged by many streams appears to be diminishing. But the

correctness of this conclusion has been disputed, and the author

discusses the observations which have been adduced against the views

adopted by him, as well as those upon which his conclusions were

based.

The author proceeds on data supplied in the Second Part of the

Allegmeine Lander und Volkerkunde, by Berghaus, in regard to the

depth of water in the Rhine at Emmerich, of the Elbe at Magdeburg,

and of the Oder at Kiistrain, according to which the average and

lower depths of water have experienced a diminution by no means

inconsiderable, while the floods of greatest depth present, on the

other hand, apparently an increase both in frequency of occurrence

and in magnitude.

Dr Berghaus became convinced through an examination of the

tables of the depth of water in the Elbe and the Oder that on the

main streams of both the flow or delivery have been considerably

diminished ; and he expressed a fear that these two rivers of Germany

were threatening to disappear from the number of navigable rivers,

which would be the case if the reduction in the depth of water should

go on at the same rate at which it had proved to be diminishing since

the year 1781.

Herr Wex, by long-continued observations and studies, had come to

the same conclusion as Berghaus, and he maintains against objections

brouo^ht forward on difterent sides the opinion that there has been a

progressive diminution in the quantity of water in these rivers, and

not less really so in the Vistula and the Danube.
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Amongst the objections referred to :— 1. Herr F, Hagen, Royal

Prussian Geheime Oberbaurath, and Ober-Landes-Bau-Director, found

by actual measurement of the Ehine, at Dusseldorf, that the

diminution of the highest and of the medium floods was but incon-

siderable—on an average, the one 2*9 and the other 1'6 lines per

annum, about one-fourth and one-eighth of an inch. And he alleges

that this may be accounted for by the modifications which have

been made in the river's bed, whereby the supplies from the

melting of ice have been retarded, and the flowing away of floods

promoted.

2. Herr Maass, Prussian Royal Hydraulic Inspector, has found by

examination of the observations on the height of the Elbe, made for

143 years in the Pegel at Magdeburg, a considerable diminution

in the greatest, medium, and lowest heights of the river, amounting

to 17, to 35 J,
and to 34: zoll, or inches ; but he alleges this reduction

to be the consequence of the modification of the bed of the river

occasioning a deepening of the bed, and an increased rapidity of

flow.

3. A conjecture, which has been expressed, that such considerable

quantities of water may be carried away in the more frequent and

higher floods of later times as to compensate for the diminution in

the medium and lower heights of the flow at other times.

The author shows— 1. By the measurements made by the late Herr

Grebenau, Bavarian Royal Bau-Inspedor, at Germei'sheim, on the

pegel at Sondersheim, throughout a period of twenty-eight years,

which gave not only information in regard to the depth of the river,

as ascertained by the said gauge, but also in regard to the delivery

or quantity of the flow, that the diminution of the average depth

and a diminution in the deliveiy or flow go together.

2. According to observations made by the Elbe-Stromschau-Com-

mission, it appears that there has been indeed a deepening of the

bed of the river in its upper part ; but, on the other hand, an eleva-

tion of the river bed by the silting of sand in the middle and the lower

portion of it. So that the diminution in the height of the water at

the gauge at Magdeburg cannot be attributed to a deepening of the

bed of the stream.

3. That the high floods are no compensation for the diminution of

the delivery by the low and medium flow is proved by the author

—

first, by the before-mentioned measurements by the gauge at Sonders-

heim, according to which differences in the delivery are found to be

nearly proportionate to the depth of the flow ; and, further, by
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measurements made for thirty-two years on the Danube gauge at

Alt-Orsova, according to which is established not only a lowering in

the medium and the lowest flows, but also in those of greatest height,

which phenomenon, different from what has been seen in other rivers,

the author attributes to the circumstance that the floods in each of

the large tributaries occur at di2"ei"ent times.

" On the occasion of a Commission to prepare a scheme or project

for the regulation of the flow of the larger streams and rivers of

Austria being entrusted to me by the Government," writes Herr

Wex, " I set about, as a preliminary measure, the study of the

delivery of water by these rivers, and in doing so I have invariably

found that the delivery, measured by such appliances and means of

ascertaining this, has of late years greatly diminished.

" Although a corresponding fact had been previously observed by

scientific students of natural history, and the phenomenon of a

diminution in the delivery of difierent rivers had been ascertained,

the correctness of the conclusion arrived at had been called in question

by other scientific men, and more especially by Hydrotechnikern

[hydrologists and students of hydraulic-engineering ?] I shall there-

fore state the views advanced by them, and thereafter meet them by

observations made during protracted periods on some of the principal

rivers of Central Europe.

"Herr F. Hagen, Royal Prussian Geheime Oherhaurath and Oher-

Landes-Bau-Director, has in the last (the third) edition of his Hand-

buches der Wasserhau Kunst, for the year 1871, called in question the

correctness of observations hitherto made on the height of water in

streams and rivers, and of deductions drawn from these in regard to

a diminished flow of water in them, and he bases his opposing views

on observations made with the Rhine pegel at Dusseldorf since the

year 1800, and on the recorded observations on the height of the

level of the river for seventy-one years.

"Herr Hagen has calculated for every separate year the arithmetical

mean yielded by the daily observed height of the water, and also the

average annual height of the water, he has also noted the highest and

lowest heights of the water in each year; and he has represented

these three conditions of the water in a diagram, by which he makes

apparent that no very considerable diminution of the waters has

occurred.

" In consequence of the great importance of the matter, Herr Hagen

has submitted the former selected observations on the state of the

river to a calculation founded on the least common multiple, and
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thus found that in the course of the last 71 years, on the Rhone at

Dusseldorf, there has been a reduction of the highest floods to the

extent of 2 "9 lines, of the ?nea?i to the extent of 1"6 lines, while there

has been a rise in the lowest of 0*2 lines per annum. But on these

calculations Herr Hagen himself does not lay particular stress, as

there may be errors, he says, in the results obtained to the extent

of 2-2'", 0'9"', and 0*7"' respectively.

" Herr Hagen says further :
' It may well be imagined that in the

course of time a diminution in the highest and the mean levels has

taken place ; and that for the reason that in later years, through the

modifications of the water-course which have occurred, the flotation

of ice has been impeded, the flow of water from the higher-lying

districts of the river's basin has been promoted ; whence the small

annual reduction of the calculated mean river-height may have

followed.'

" Subsequently, Herr Hagen having expressed doubts in regard to

the statements of certaiu Hydrotechnikern, relative to a great

diminution in the level and delivery of the Weser, from a comparison

of the observations made by the pegel at Minden and at Schliissel-

burg, comes to the following conclusion :
' It thence appears that,

in so far as observations made up to this time can show, it is as

impossible to give with certainty a verdict in regard to any general

diminution of its waters in regard to the Weser as in regard to the

Rhone.'

"Although the observations made on three gauges on two rivers

lead Herr Hagen to express himself thus guardedly on the subject of

a lowering of the water-level, yet the greater number of Hydrotechni-

kern—because observations continued through many years, and com-

parison of the water-levels at distant periods of other rivers are not

at their command, and because they consider Herr Hagen an

infallible authority on all that relates to hydraulic engineering—have

come to the conclusion that in general there has not taken place any

great diminution in the flow and delivery of streams and rivers.

" Herr Maass, the Prussian Royal Wasserbau-Inspector, has

published, in the Zeitschrift fur Bauwesen von Erhkam, for the year

1870, observations of the height of the river Elbe for the period of

143 years, extending from 1727 to 1869, with a diagram represen-

tative of these observations ; and from these he has drawn the con-

clusions that within this period the waters of the Elbe have gradually

diminished in the following arithmetical means : a. In the highest

levels reached, 17 inches ; b. In the lowest level observed, 34 inches
j
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c. In the mean of the whole of the observations made in the several

years, 35 1 inches.

" According to the views of Herr Maass the lowering of the heights

of the water level is not a consequence of any diminution of the

quantity of water now flowing into the Elbe, but the result of the

rectification of the river bed, an extensive deepening of this as a

consequence of that modification, and an increase of the rapidity of

the flow or delivery of the river, Herr Maass attaches importance to

the efiects of these in lowering the level of the streams, and remarks

that no further lowering of that level is to be expected, because there

are no additional works of modification in contemplation,

" As the observations and views of Herr Hagen and of Herr Maass

are diametrically opposed to observations which I have myself made

on several rivers during the last 40 years, I have brought together the

observations I have made on several rivers and streams, and the con-

clusions I have drawn from them, for publication as measurements of

the water level for many years, upon which reliance may be placed,

as it is only in being in possession of these data that I could have

been so bold as to come forward with any confidence as the opponent

of an authority so distinguished throughout the whole of Germany as

is Herr Hagen in matters, pertaining to Hydrotechnics,

" In the course of my observations on the subject in question there

came into my hands the remarkable work, Allgemeine Ldnder-und

Volkerhunde, by Dr Heinrich Bergman,—volume second, Umrises der

Hydrograjihie, for the year 1837,—and I found in this work, and in

that issued by the same author and by J. Perthes, Hydro-hystoriscken

Uehersichten der deutschen Strdnie, for the year 1838, collected to-

gether much valuable material relative to the height of the water

and to the floating of the ice in the rivers,

" From the observations on the river level made with the pegel at

Emmerich, on the frontier of Holland, for the period of 66 years,

from 1770 to 1835, and with these the observations made with the

pegel at Cologne for the period of 54 years, from 1782 to 1835, and

in addition to these the observations made on the Elbe with the

pegel at Magdeburg, for the period of 108 years, from 1728 to 1835,

and on the Oder with tho pegel at Kiistrin, for the period of 58 years,

from 1778 to 1835, has the distinguished hydrographer Berghaus

determined the measurements of the highest and of the lowest levels

of these rivers, and from them calculated arithmetically the annual

mean levels. He has represented these by diagrams, and given

diagrams representative of the average height of the rivers in the
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diflferent mouths of the year, and of the movement of the ice and of

floods ; and finally, he has in addition to these tabulated statements

given others illustrative of the influence of the rainfall on the

quantity of water carried off by the rivers, and has exhibited this in a

way so thorough and efficient as is not equalled in any other work on

Hydrotechnics. By which means Berghaus as a precursor has shown

to Hydrotechnikern in what way observations on the ever-varying

levels of rivers should be brought together and compared, in order to

present a distinct picture of the hydrographic phenomena, or of the

river life of the stream, and from this correctly to draw inferences

and final conclusions.

" From these extremely detailed and deeply interesting investiga-

tions by Berghaus I make, amongst others, the following leading

deductions :

—

" From the ' Hydrographie ' of Dr Berghaus I have prepared a

diagram, which I have appended to this treatise, in which I have

represented what were the highest, and the lowest, and the calculated

mean annual water-levels of the Rhone, observed by the pegel at

Emmerich, from the year 1770 to 1835. From this diagram it

appears at a glance that the water-level of the several years is very

far indeed from being regular, but in successive years they rise and

fall ; and it is consequently difficult to represent by a continuous

line, or to calculate a mean representative of the diminution or

increase of the water-level for a period of some length, as Herr Hagen
also states to be the case. I therefore hold to the opinion that the

method adopted by Dr Berghaus, comparing the arithmetical mean of

the water-level during a more lengthened period than two years, is

more easy and supplies data upon which more reliance can be placed
;

and from the data thus procured, inferring or deducing whether there

has been any rise or fall in the river-level. If, then, we divide the

observations made during the period of 66 years into those made in

the first period of 33 years, from 1770 to 1802, and those made in

the second period of 33 years, from 1803 and 1835 ; and if from these

two equal periods of 33 years each, we calculate and compare the annual

average levels of the river in each, the result will be, we shall find

that in the second period the average height of that level was 10'" in

excess of the first ; but on the contrary, the annual water-level has

fallen 1' i2" 5"', and the lowest 1' 1* 3'", v;hen compared with the

corresponding earlier period from 1770 to 1802.

"As the arithmetically determined mean of the river-level in the

first period, from 1770 to 1802, was only taken incidentally for com-
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parison, without reference to the fact whether in the course of these

33 years any rise or fall of the water-level had taken place, it is cleai'

that the above numbers represent the reduction which had taken

place in the lowest levels and in the annual mean levels of the river

in the second period of 33 years—that is, for the half of the whole

period embraced by the observations made.

"And the same remark will also apply to all subsequent com-

parisons of the water-level in two periods.

" If we consider further the observations made of the pegel on the

Rhone at Cologne, from 1782 to 1835 [which was also appended to

the treatiss], and again divide the period embraced of 54 years into

two consecutive periods of 27 years each, and by calculation deter-

mine the mean annual levels, we find that in the second of these

periods, that from 1809 to 1835, the mean height of highest floods

has risen about 0' \" 66'"
; while, on the contrary, the mean annual

height has fallen about 4-27", and that of the lowest levels about

7 •21", as compared with those of the first half of the period, that

from 1782 to 1808.

"From the foregoing deductions it is apparent that in the two

principal pegels on the Rhine at Emmerich and Cologne—during

the periods of 66 and of 54 years, embraced by them respectively

from 1770, and from 1782 to 1835—there has taken place a not

inconsiderable fall both in the lowest levels and in the mean annual

levels ; and that only the mean of the highest levels is found to be

somewhat higher in the second as compared with the earlier halves

of the periods embraced by the observations.

" As during the period of observation extending from 1770 to 1835,

no such works of modification of the river's course as could have

produced any deepening of the bed of the stream at Cologne and at

Emmerich, or any increase of the rapidity of water-flow, and con-

sequent lowering of the water-level, had been carried on, the fall of

that level in the case of the lowest and the mean states of the river,

durino- the later halves of the periods embraced by the observations

in question, can only be attributed to a diminished quantity of water

passing down the Rhine ; while the small rise in the annual mean of

the highest point reached, has to be ascribed to more frequent and

higher floods.

" That the fall in the low and mean annual proves to be less than

it has been in some other rivers is accounted for, by Berghaus, by a

reference to the fact that the Rhine is fed, in a great measure, by the

confluence of numerous currents from the ice and snow on the Alps

;
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which explanation I would follow up with the remark that by the

Lake of Constance, which receives the waters of the Upper Rhine

and afterwards emits them gi-adually, this river regulates its delivery

at lower-lying points ; and that, as a consequence of this, the reduc-

tion in its delivery at lowest, and in mean annual levels, can show

itself in but very minute measurements.

" The circumstance that the fall, in these levels, shows itself much
more considerable at the pegel at Emmerich than at the pegel at

Cologne, is explained, by Berghaus, by the fact that between Cologne

and Emmerich there flow into the Rhine the Wupper, the Ruhr, the

Emtsche, and the Lippe, which are less uniform in their flow than is

the Rhine which is thus fed.

" Adverting now to the diagram and tabulated statement of the

level of the Rhine, as indicated by the pegel at Dusseldorf, situated

between Cologne and Emmerich, for the period from 1800 to 1871,

published by Herr Hagen, let us examine it with some care.

" Herr Hagen found by his method of investigation that the

annual mean level had fallen upon an average about 1'6 line, which

for a period of 50 years gives a fall of 6 "6 6 inches.

" As according to the observations tabulated by Berghaus the fall

in the mean annual level given above reduced to a like period of 50

years gives at the pegel at Emmerich 24'88 inches, and at the pegel

at Cologne 7*91 inches ; from this it appears that Herr Hagen's

calculation of the fall of the water level at Dusseldorf, amounting to

6'66 inches, although founded on observations embracing a diSerent

period of time, comes very near to the calculation mad© of the fall at

the comparatively proximate pegel at Cologne, from which it follows

that the calculated fall must be regarded as an actual fact, and not

an error in calculation, as Herr Hagen had intimated that it not

improbably might be.

" Although according to the older tabulated observations of

Berghaus for the period from 1770 to 1835, there appears a some-

what higher rise in the highest floods of the Rhine, amounting to

from 10 to 18 lines,—still the calculation of Herr Hagen that the

level reached by the high floods had fallen 2*9"'' per annum, and

consequently 12" 1^' in fifty years, may possibly be correct; and are

probably so, since in consequence of the extensive rectification of the

river bed between Basle and Manheim since 1830, the rapid flow of

the high floods must have been accelerated.

"Herr Hagen has found a very slight rise in the level of the

lowest observations at Dusseldorf, about 0"2"' per annum, consequently
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only about 10 Hues, or five-sixths of an inch, for 50 years. And this

is explicable in that the bed of the stream has been at that place

reduced in breadth within later decades; and also in that the extensive

rectifications of the course of the Rhine, by cuttings above Manheim,

has made it possible that by means of sand and fine silt, transported

to the lower reaches of the river, the bed of the stream at Dusseldorf

may have become somewhat silted up and elevated in a way similar

to what has occurred to a stiU greater degree in the middle and lower

sections of the Elbe.

" From the foregoing references it is evident that the conclusions

drawn by Herr Hagen, that the observations made up to this time on

the Rhine do not indicate any general lowering of the water level, are

erroneous. And if he had been acquainted with the older observa-

tions at Emmerich and Cologne, published by Berghaus, or if he had

more skilfully compared the observations, extending over a period of

71 years, at Dusseldorf, he would probably have come to a conclu-

sion the very contrary to that to which he has come.

" In order to obtain data on which reliance might be placed in regard

to the fl.ow of the Rhine above Dusseldorf and Cologne, I addressed

myself to the distinguished hydrographer Herr Grebenau, Bavarian

Royal Bau-InspectordX Gemersheim, who was for many years engaged

in the rectification of the new bed of the Rhine, and from him I re-

ceived not only the details of observations on the river-level at the

pegel at Sondersheim for the period of 28 years from 1840 to 1867,

but also the results of investigations on the delivery or quantity of

water passing each year through the cuttings of the Rhine bed at

Gemersheim, which Herr Grebenau had obtained with great care and

precision, partly by means of numerous special measurements of

vertical sections of the current and the rapidity of the flow, and

partly by means of calculations according to the latest formulas of

experimentally-obtained co-efficients.

" When these tabulated observations on the water level, and the

diagram representative of the quantity of water delivered for the

period of 28 years, are divided into two successive periods of 14 years

each; and when for each of these there is calculated the means both of

the levels and of the delivery, there are obtained from these the

following results : the mean annual water level in the latter period of

14 years is about "432 metres, or 17'63 inches lower, and the delivery

is about 6966 cubic feet per second less, than in the former.

" Along with this it must be admitted that, to a great extent, the

lowering of the m^an annual level of the river is to be ascribed to a
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considerable deepening of the bed of the stream, consequent upon

extensive rectifications of the river by cuttings.

" Further, although it must not be concealed that the different

water-levels measured, and deliveries calculated, cannot be relied on

as absolutely correct, and it is unquestionably the case that the

deepening of the bed of the stream had a great effect upon the

lowering of the level and the reduction of the delivery, still it must

be noted that the fall and diminution in the one and the other, which

have been determined, have been brought to light by the same

method, and are in any case approximately correct ; from which it

follows as a consequence, that in the latter period (embracing 28

years), at the pegel at Germersheim, the body of water delivered by

the Rhine has considerably diminished.

" Along with this must be noted the very remarkable fact, that

the beautifully rectified course of the Rhine from Manheim upwards

toward Basle, converting it almost into a regular canal, has now become

in a great measure unnavigable : in consequence—first, of the

numerous persistent and extending beds of silt in the bed of the

river, and resting in the concave sweep; and next, of the con-

tinually increasing serpentine characterof the course of the stream; and

finally, of the low depth of water in the many crossings of the stream

from one concave bay to another, all which can now be accounted

for by the fact that the normal breadth of the river-bed was originally

taken to be greater than it actually is, from which it follows that the

current, in consequence of the diminished water-flow, has not now

the force necessary to remove these masses of silt, and to lodge

them only on the convex or projecting shoi'es of the river-bed.

" The foregoing results of observations made on four gauges on the

Rhine, serve to strengthen my allegations in regard to this river

;

and I proceed to the consideration of the information obtained in

regard to the other rivers of Central Europe."

There are given in an appendix the several tabulated observations

and diagrams referred to. There follow discussions similar to those

which have been quoted in detail : 1. Of observations made on the

Elbe, with a tabulated statement of observations of the highest, vieaii,

and lowest levels of the river at Magdeburg, with the calculated means,

and a diagram representative of the same, from the year 1728 to 1869,

a division of the former of these being made into periods of 50. years ; a

diagram representative of the calculated delivery of the Elbe in the

several months of the year during the two periods from 1731 to 1780,

and from 1781 to 1830 ; and a diagram representative of the depth in

T



186 EFFECTS OF FORESTS ON SPRINGS AND RIVERS.

metres at twenty-five different stations on the river on several occasions

of very low water.

2. Of observations on the Vistula, with a tabulated statement of the

highest and lowest levels, observed at Weichsel near Kurzebrack in

each year from 1809 to 1871, with calculated mean annual depth of

the river, and a diagram representative of these. It had been alleged

that a greater quantity of water was being delivered by the Vistula

than previously, and reference is made to these tables as proof that

this was unwaiTanted, and as supplying evidence that the delivery

was being diminished.

3. In regard to the Danube at Vienna, with a tabulated statement

of the highest and lowest water levels, observed at Vienna in each

year from 1826 to 1871, with the calculated mean level; a tabulated

statement of similar observations at Orsova, for the years from 1840 to

1871 ; and a tabulated statement for comparison of the height of the

Danube at ten other stations on the river ; a diagram representative

of the observations at Vienna, in the period 1849-1871 ; a diagram

representative of the delivery or flow in the several months of the

year in the two periods 1826-1848, 1849-1871 ; and a diagram

repi'eseutative of the comparative water levels at the several stations

on the Danube mentioned in the tabulated statement.

There is given a similar tabulated statement of observations made

at the pegel on the Oder at Kiistrin, from 1778 to 1835. And in

regard to all of these he writes :
" To facilitate the comparison the

fall in the level in the five rivers named, I have reduced the

recorded observations to their equivalents for a period of 50 years,

and I have thus obtained the results embodied in the following

table. The measurements are given in Rhenish inches :

—
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" If we omit from this table the observations made with the pegel

on the Rhine at Germersheim,—as the lowering of the water level

there, together with the deepenhig of the river bed, is mainly attri-

butable to the extensive rectifications of the river by cuttings, and only

in a comparatively small degree to a diminution of the delivery,^we
find that the greatest lowering of the water level is on the Danube at

Orsova, amounting to from 46 to 55 inches ; on the Vistula at Marien-

werder from 26 to 43 '9 inches ; and on the Khine at Emmerich from

20 to 24*8 inches ; and on the other pegels of the rivers named from

6 to 18 inches.

" In the Elbe the falls of the lowest and of the mean water levels

are 15*76 and 16"28 ; and they might indeed have been considerably

greater had it not been that since 1842, in consequence of the great

silting up of the river bed with sand, the lower water levels have been

elevated from 13 to 22 inches.

" The lowering of the water level becomes so much the greater the

larger the river is, and the nearer to the mouth of the river in the sea

that the pegel is situated, and this for the reason that the region

drained by the river is the greater, and that it is the sum of the reduc-

tions in the levels of all the brooks and streams and lesser rivers

which have flowed into the main stream which is there represented

in this greater lowering of the river level.

" In regard to the high floods of the said rivers, w-e see from the

diagrams submitted that, with the single exception of the station at

Orsova, in all of them floods have latterly occurred more frequently

and reached a greater height than in the earlier years in which the

observations were made, from which it appears clear as day that in

these rivers at present, at times of high flood, a much greater

quantity of water is delivered by them than in the earlier years.

" From the diagrams representative of the high floods, it is farther

apparent that in the earlier times of observation the rise of water, in

consecutive years, was more uniform ; whereas, in the later decades

of the periods embraced by the observations, in one year there

occurred a very great flood, and in the year before or the year

after only a very insignificant rise of water ; from which it follows

that the alternation of very dry with veiy wet years occurs more

frequently and to a much more marked degree now than for-

merly.

"This is particularly apparent in the tabulated observations on

the Elbe and the Vistula.

" The cause of this remarkable phenomenon lies evidently in this,
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that since the clearing away of many forests, more especially in the

mountains, deluges of rain and rain-spouts occur more frequently

;

further, while the rain-water, in lands devoid of trees, sinks less into

the soil, it at the same time more speedily reaches the brooks

and streams and rivers, and fills and overflows these water-courses
;

and finally, the body of water, now tearing along with rapidity, cuts

up the mountain sides cleared of forests, and fills up the beds of the

brooks and streams and rivers with earth and sand and rubbish, and

so raises the bed of the river—whence a higher level is reached by the

water-surface.

" The con-ectness of this allegation is being attested, in a way

which it is saddening to contemplate, by the ever more frequently

recurring inundations in Italy, in the south of France, in Hungary,

in Bohemia, and in many other lands.

" The aforementioned phenomena of high floods led a distinguished

meteorologist to express to me the conjecture that the great increase

of the body of water passing along our water-courses, in high floods,

may be about equal to the diminution observable in the low and

mean levels.

" This conjecture, however, is not in accordance with the facts of

the case, because, as I have already shown, in the case of the Rhine

and of the Elbe, the annual delivery is approximately represented by

the mean water-levels, which, even in all these five rivers named, is

on the decrease. But the incorrectness of the conjecture is more

particularly manifested by the tabulated observations by the pegel at

Orsova, in as much as, from the geographical position of the very

extensive basin drained by the Danube, it frequently happens that

the high floods of several of the large affluents coincide in time with

that of low water level in several other important accessories of the

river, and yet there is not an equivalent compensation for the lesser

supply coming from the one class of affluents, in the greater supply

coming from the other, in as much as, even at Orsova, the average

of the floods of the mean and of the lowest levels have fallen still

more than have these in the four other rivers named,

"But even if, in accordance with this conjecture, in particular years

with repeated extraordinary high floods, some such equalisation of

the increased and the diminished delivery of a river should occur,

this would supply but little consolation for man, as the gi-eat evils

consequent on the diminution of the delivery of water at the lowest

and the mean levels are not obviated by the more frequent occiu-rence

of the greater delivery during high floods, but are being more than
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ever increased in that those high floods now occasion more frequent

and more disastrous inundations."

Herr Wex goes on to say:—" Having in foregoing statements given

indisputable evidence that in the five principal rivers of Central

Europe,—the Danube, the Rhine, the Elbe, the Vistula, and the

Oder, the basins of which embrace an area of 26,860 [German 1]

square miles,*—the lowest and the mean annual water levels, and

consequently also the quantities of water delivered by these rivers,

during a lengthened period of many years, has been continually

decreasing, we may from this draw the following conclusions :

—

"1. As the aforesaid rivers are fed mainly by the brooks and

streams which flow into them, there must have been also in these a

continued decrease in the quantity of water delivered by them for a

great many years, from which we may further conclude that if observa-

tions had been made on the levels of the different feeders,

similar to those which have been made on the five large rivers named,

and these had been compared, they would have supplied results

similar to those at which we have arrived concerning these.

" The correctness of this allegation receives confirmation from the

fact that many manufactories, &c., which have been built dm-ing the

last fifty years, on rivulets and streams, have experienced a marked

diminution in the quantity of water coming through their water-

leadings, and it has been found necessaiy to employ steam-engines to

meet the deficiency of their water power, which was originally

sufficient for the work they had to do.

" 2. As it is possible that the causes which have produced the

effect of the lowering of the water level, and diminution of the

quantity of water delivered in these five river basins, operate

equally in the basins of the other rivers and streams in Europe, and

not only so but in the most populous and cultivated districts of the

other three quarters of the globe—it may be assumed that in most of

the streams and rivers on the surface of the earth a similar lowering

in the lowest and mean levels of the body of water delivered by them

has taken place ; while the high floods in the same, reaching a higher

point, and becoming of more frequency, discharge a greater quantity

of water, and produce more extensive devastating inundations than

previously was the case.

" 3. If the causes which have operated in producing the decrease of

the usual water flow of the streams and rivers, with the rapid over-

* A German mile is equal to 4^ Eaglish miles.
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flowing of them in times of flood, in the course of the last 140 years,

were to continue to operate also in the future, it is evident from what

has taken place that in brooks, and streams, and rivers, the lowest

and the viean levels of these may be expected to be lowered still

further in the futux'e. And the question forces itself upon every one

involuntarily, to what degree may this diminution in the quantity of

water thus delivered by the several streams and rivers be carried ?

" In the principal rivers, the Danube, Rhine, Elbe, and Vistula, it

is scarcely to be supposed that the lowering of the lowest level of the

flow will go on till it reach the very ground of the bed of the stream,

occasioning the temporary drying up of the river altogether :

seeing that the two first named rivers are in part fed by the melting

of the masses of ice and snow lying on the Alps ; while, further, it is

to be hoped that the occasion of the lowering of the water level will

not be carried beyond a certain limit ; and finally, because the highest

and the lowest level of the stream occur in many of these streams

and affluents at difterent times of the year from what they do in

others.

" If, however, we look on the other hand to the very considerable

lowering of the lowest and the mean levels of the rivers mentioned in

the foregoing table, which has taken place within the comparatively

short period of 50 years, we are brought to the disturbing conclusion

that these five rivers, in the course of 100 or of 200 years, may have

their lowest and average levels so lowered that they will be no longer

navigable if we do not take measures to counteract the cause which

is continuously operating to effect the diminution of the water flow

in these rivers.

" The brooks and streams, on the contrary, which drain only basins

of limited extent, may, by the continuous lowering of the water level •

and by the diminution of the delivery in them, be converted into inter-

mittent torrents, which lie dry during many months of the year, and
then, on a fall of rain, suddenly fill and deliver immense bodies of

water.

That the dread of this is not without foundation is proved by
numerous cases in which very large rivers, which in previous cen-

turies, according to historical records, were navigable at all seasons

of the year, have become now only loildldche and torrents, such as

for example, are most of the torrents which characterise the southern

slopes of the Alps in Italy and in Carinthia. Many other sti-eams

and rivers, which not many decades back were of full water, have

latterly, and within the memory of man, become torrential streams,
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which pour down large bodies of water when, and only when, there

have been dashes of rain, and from what has been stated it may be seen

that the prognostication is not without foundation when I allege that

if the causes which have, during the last 140 years, occasioned a

lowering of the water-level and diminution of the above-named five

European rivers shall go on operating in the time immediately before

us, the result will be that the level will be still further lowered and

the delivery diminished, until bye and bye they become so reduced

as to be unnavigable.

" Although, beyond the results which have been published by Dr

Berghaus in his ' Hydrography,' which has been quoted, and which,

unhappily, are but little known, we have hitherto been unable to

obtain reliable compilations and comparisons of observations con-

tinued for many years of the water-level on the larger rivers, there

are men of observation and experience who, in consequence of what

they have noticed on some few rivers, have called attention to the

diminution of the water supply which is going on. An instance of

this we have in the following communication, which is well-deserving

of consideration, found in an article, by F. Perrot, in Deutsche Monat-

schrift fiir Haiidel, Schiff-fahrt und Verkehrswesen (I. Band, Rostock,

1872).

" A consideration of the three rivers—Weser, Elbe, and Oder—
makes clearly manifest a reduction in the quantity of water delivered

by them, and a silting up of the river-bed with sand. It has been

calculated that if the Elbe continue to diminish in the future at the

same rate at which it has been diminishing up to this time, it will soon

be impossible for heavily laden ships to pass by it. Nor is it otherwise

with the Oder ; in the very dry year 1858, there w^ere only eleven days

in which the navigation of the Oder in Silesia could be carried on

with full force. The Weser delivers the smallest body of water of

the three. One principal reason for this is the destruction of forests

which has taken place on the heights which are found alongside of

the river, and which the Government have latterly taken steps to

prevent ; but still more than what has resulted from the destruction

of forests has been the consequence of the rectifications of the river-bed,

which it has become a general practice to carry out.

" After weighing fully the collected observations on the water

level, and consequences deduced from them in the foregoing treatise,

I think no Hydrotechnik will venture to call in question the correct-

ness of the allegations advanced by the distinguished hydrographer

Dr Berghaus, in the year 1835, which allegations have been confii-med
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and established by myself, that in the brooks, streams, and rivers in

central Europe, within the period of observations, extending over

about 140 years, high floods now appear ofteuer and attain a greater

height; on the contrary, the lowest, and the inean levels of the

rivers are falling, and consequently the delivery of the water by these

streams and rivers is being continuously diminished to a very great

degree."

There follows an expression of the views of the author on the

great practical importance of the fact brought to light. In the

second chapter he describes the reduction observed in the flow of

springs and in the quantity of water yielded by them, and after

citing numerous facts, illustrative of these points, he thus con-

cludes :

—

" In regard to the diminishing of subteiTanean waters, we can

adduce the following evidence :

—

" As we have in the preceding chapter shown, from observations

on the water level continued through long series of years, that there

has been seen in later decades a lowering of the level of the lowest

and of the mean annual flows, while the high floods, consequent on

storms of rain, have become of more frequent occurrence—from which

it comes to pass that a greater quantity of water is thus carried away

at such times than formerly—it follows as a consequence that if the

quantity of the rainfall remains the same, the proportion of this

flowing away on the surface of the earth in such circumstances has

increased. On the other hand the proportion sinking below the

surface must be less ; and from this it comes to pass that the

quantity of the subterranean water supply, the drainage and super-

ficial waters, and with them the springs which are fed by them must

have been reduced ; and the correctness of this conclusion can be

established by the following facts :

" From these long continued observations on river levels we have

further proved that on brooks, streams, and rivers in these later

times, the lowest and the mean levels, and also the quantity of water

delivered, have been being continuously reduced, and that to a marked

degree ; and that in the very months during which the water courses

have been fed almost exclusively from subterranean flows of water

and from springs the diminution of the water delivered has been

greatest. Whence it may with all justice be concluded that in these

later times the water supplies in subterranean reservoirs and in

the water bearing strata have decreased, and also that drainage

waters and the springs in a river basin in their collective contribu-

u



194 EFFECTS OF FORESTS ON SPRINGS AND RIVERS.

tions now furnish smaller water supplies to the feeding of the river

course than was the case at an earlier period.

" Dr H. Berghaus has in his work on ' Hydrography' which has

been cited, advanced on this point (p. 30) the following doctrines :

" In some parts of the world it has been remarked, the springs

have sufifered a loss in the quantity of their water supplies. Thus it

is in France in what was formerly Poitou, and in the department of

the lower Charente, where there has been remarked a decided reduc-

tion of the springs since 1825.

" The phenomenon is attributable to the desiccation of the land,

the cutting of canals, trenches, &c , while Fleuriau of Bellevue has

alleged that the cause is to be found in a diminished rainfall.

" It can also be established by manifold evidence that of late years

many springs have dried up, and that in a great many others the

quantity of water yielded by them has been greatly reduced ; further

it is generally known that several solidly and skilfully constructed

aqueducts which erst while conveyed a rich supply of water have

become completely useless in consequence of a permanent deficiency

of water which has arisen, and that very many old wells known

amongst us as inexhaustible have become, since 1852, in consequence

of the lowering of the water level in the subterranean strata by

which they were fed, in some cases absolutely dry ; and in other

cases so impoverished in water supplies that the wells must be sunk

some fathoms deeper if they would be made permanent sources to

meet the demand.

" From amongst the numerous cases which have become known to

me, I shall adduce but a few specimens :

"It is generally known that the city of Rome, in its pristine glory,

with its public fountains and baths, and its several aqueducts, was

exceedingly richly provided with water ; some of these, from the dry-

ing up of the springs by which they were fed, have now run dry, and

others have lost a large share of their water supply—as, for example

the aqueduct aqua vergine (some 20,000 metres, or between 60 and 70

feet, long), which it is now in contemplation, at extraordinary expense,

to reconstruct.

" The springs and aqueducts which, at one time, provided for the

City of Constantinople a veiy abundant supply of water for drinking

and for use, have fallen off to a very considerable extent in their pro-

ductiveness, so that it has become necessary to seek out more, and

more remote, springs.

" The world-wide renowned fountains and water-works of Versailles
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were formerly so abundantly provided with water from the aqueducts

by which they were supplied that they could play almost the whole

day long ; whereas now, from the great diminution which has taken

place in the water coming to them, this must be allowed to accumu-

late for about twenty-three hours to allow the fountains and other

water-works to play a single hour.

" So also with the numerous fountains and artificial cascades in

the Belvidere-Schwarzenberg and Lichtenstein-Gardens at Vienna, and

those in the palace garden at Schonbrunn, which were abundantly fed

by spring-water led to them, they stand now almost quite dry, as a

saddening monument of the dried up springs.

" The City of Vienna has, besides, about 10,000 sunk wells, and in

addition to these nineteen different aqueducts, with which the springs

and drainage waters in the environs of Vienna are intercepted, col-

lected, and brought into the city. After the water in the sunk wells

had not only diminished, but, in consequence of the filtration from

the canals, had become deteriorated—and also the quantity of water

brought in at one time by the aqueducts had become very much
reduced 3 there was constructed, in the year 1836, the Emperor
Ferdinand's aqueduct, by means of which were brought into the

City of Vienna, from the Vienna Donait,canale, near Nussdorf, by long

and deep suction pipes, an aggregate of about 100,000 eiviers of water

daily ; and now, after this aqueduct also, through a lowering in the

water-level in the Vienna Donaucanale, and partly through the

coincidence with this of a sliming up of the suction pipes, has be-

come insufl&cient and precarious, the commune of Vienna, after year-

long negociations, has seen itself under the necessity to seek to

obtain the two million eimers per day, required by the city for

drinking and necessary uses, from the high springs of the Schneeberg

(Kaiserbrunnen and Stixensteinerquelle), by means of a canal

about twelve German miles long,* which aqueduct will absorb a

capital of about sixteen million of Guldens [or ^1,600,000

sterling]."

Herr Wex goes on to say :
—

" I consider that I have satisfactorily

proved, by the foregoing observations, deductions, and examples, that

in recent times the supply of water in subterranean reservoirs, and in

the water-bearing strata of the earth, is being diminished ; further,

that many of the drains and springs of to-day have become some

quite dry, and others yield a comparatively small supply of water

;

* A German mile is equal to about 4^ English miles.
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and finally, that through these changes the lowest and the mean

water-levels in brooks, streams, and rivers are being continuously

lowered, and the quantities of water delivered by them continuously

diminished.

" If this continuous diminution, which has been going on for the

last 140 years, is to go on continuously still, then will these results

and changes on the surface of the earth entail on coming generations

evils, and evils of incalculable extent and magnitude. Through the

lowering of the level, and reduction of the rivers and of the sub-

terranean drainage, and also through the alternation of very wet and

very dry years,—such as is shown, by the diagram referred to, to be

prevailing,—will the fertility and productiveness of the land be

reduced in no inconsiderable degree, and not a few lands now covered

with luxuriant vegetation will become veritable deserts, cheerless and

desolate.

" After the drying up of many brooks and streams, and after the

conversion of streams and rivers into torrents, in consequence of these

changes men would have to go for their water supplies for drinking

and for domestic use, and for other purposes, either to the deeper-

lying water-bearing strata of the earth, or to a greater distance from

their dwelling ; whex'eby the cost of the water consumed would be

increased, while many industrial establishments and manufactories

would be deprived altogether of the supply of water indispensably

necessary to their operations, and would have either to adopt expen-

sive means of providing a substitute for what has been lost, or remove

to some remote district where brooks and rivers have not as yet been

deprived of their water supplies.

" Finally, by the continuous diminution of water in streams and

rivers, the former would become quite dry through the greater part

of the year, and the latter would become unnavigable.

" As, thi'ough the consideration of what has been advanced, it may
thus be seen that, through the continuous diminution and lowering

of the flowing water on the surface of the earth, there is impei'illed

—

and that to a great extent—not only the prosperity and the health,

but also the existence of future generations, it is desirable that

numerous students of physical science should be incited to further

research into the cause of these intimately connected phenomena, and

then to devise measures to avert the impending calamity, in so far as

it may be within the scope of man's power to do so."

The author adds :
—" I have given myself also to an attempt to

a solution of this difficult problem, and I give the results of my
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researches in this study in the two following chapters, in the hope

that distinguished collahorateurs in the same calling and men of

scientific attainments may prosecute further the researches 1 have

been privileged to commence, and that the results of their study

may bring great good to generations yet unborn."

The chapter which follows is occupied with a discussion of the

cause or occasion of a diminution having taken place in the quantity

of water flowing in streams and rivers, which he thus concludes :

—

" When we fully realise what is implied in the opinions expressed

by men of science, and practical men expert in such matters, in

various countries and in very different parts of the world, after long

experience, observation, and research, we find that forests afi"ect to a

very great extent the quantities of water coming from springs and

flowing in rivers ; that they aS"ect the climate ; and that they have a

great effect upon the fertility of the lands in which they exist ; and

that thus :

—

*' 1. The deposit of rain from the atmosphere is greatly increased

by the amount of woods in a district, in as much as mists and clouds

passing along the surface, striking upon the forests, have the moisture

of which they are formed condensed and precipitated as rain.

Further, the tempei*ature within the woods is cooler by day, and, on

the contrary, warmer by night than it is in the open fields and

meadows ; and by reason of this, there is a continual circulation of

air in the vicinity of forests whereby mists and clouds are precipitated

and led to discharge themselves of their contents. This happens not

through the forests in and for themselves, nor as a consequence of

the forests of themselves, but through the difference between the

forests and the open fields ; and on this depends the abundance of

the rain. It is also very manifest that the forests exercise an

attractive influence upon the clouds, by their attracting from them

electricity with which they are charged, and with this the water of

which they are composed, increasing thereby the rainfall. It is also

an ascertained fact that a great part of the water precipitated as rain

remains on the leaves of the trees, one part of which falls to the

ground, but another portion of which evaporates into the atmosphere,

and is again precipitated as fog, mist, dew, or rain,—whence it comes

to pass that rain water is kept longer within forest lands, and may be

precipitated oftener than once, whereby the rainfall is increased.

" 2. Through the abundance of forests will the copiousness of the

subterranean drainage flow, and springs be increased, while the rain

water retained by the foliage of the forest trees, falling slowly to the
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earth, is kept by the spongy character of the grouud in woods from

flowing quickly away, and is in part absorbed, or is left to permeate

the mineral strata, which is considerably facilitated by the numerous

spreading roots of the trees penetrating cracks, fissures, and canals in

the superficial ground, by which means the rain water reaches a

greater depth, and this in a much greater quantity in forest ground

than in the open field. Further, by numerous experiments it has

been established that the evaporation of the humidity in the open

country is at the least from four to five times as great as it is in wood-

lands ; from all which it appears that the moisture absorbed in forests

is not so readily evaporated, but is retained and directed to the feed-

ing of drainages, springs, and brooklets.

" 3. If forests be uprooted, more especially in mountainous regions,

or even in somewhat hilly country, the rain drops, falling upon the

exposed ground with some force, tear it up, and then flowing down the

declivity with considerable rapidity carry with them earth and stones

towards the brooks and streams and rivers, by which these water

courses are suddenly filled up, and experience much higher and more

devastating overflowings, and inundations, than was the case while

the woods stood, as is explicitly testified by the aforementioned

tabulated observations of river levels.

" 4, Through the extensive clearing away of forests the heat of the

summer mouths and the desiccation of the ground becomes increased,

then, as a consequence of this, the duration of droughts is prolonged,

and from this there follows naturally a diminished productiveness of

the land.

" These most disastrous effects of the clearing away of forest show

themselves in a very marked degree in these countries, once blessed

with a luxuriant vegetation, Palestine, Persia, Greece, Sicily, Spain,

and the Canary Islands."

It is stated also that " a great cause of the diminution of water

supply from springs and subterranean reservoirs in Europe has been

the draining of lakelets and ponds, and the draining of bogs and

marshes, which has taken place, in various parts, of late years." And
" a third cause of the diminution of water in springs and rivers at

present going on is to be sought for in the greatly extended, and

still from year to year extending, operations to bring under culti-

vation, to cultivate, and to improve the land." Of both of which

statements illustrations are given, with illustrations of the effect of

the latter when carried on on hill sides, to increase the violence and

the maguitude of torrents and devastating inundations

.
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There follows a chapter devoted to the consideration of measures

proposed with a view, on the one hand, to prevent continued and ever

extending devastation occasioned by inundations ; and on the other

to arrest and prevent the continuous diminution of water in springs

and in rivers in their lowest state, and in their mean delivery. But

it is the facts of the case established in regard to the effects of forests

on rivers and springs with which alone we have at present to do.

The paper was subsequently published, and it excited much interest.

By several learned Societies Commissioners were appointed to report

upon it. Amongst others this was done by the Royal and Imperial

Academy of Science of Vienna, and the Imperial Academy of Science

of St Petersburg. It was also favourably considered and approved

by the Society of Engineers and Architects of Vienna, the Geogra-

phical Society of Vienna, the Forest Academy of Mariabrun, by

several Polytechnic Schools, and by many men of science.

In regard to the views of Herr Wex relative to the phenomena

observed, the Commission appointed by the Academy of Science of

Vienna report,ed :

—

"In view of the facts brought forward by the author, the Commission

has come to the conclusion that the diminution seen within the last

century, in the medium and lower heights of the rivers made the subject

of observation, is attributable to a. diminution in the ammal delivery of

these rivers.

" The author finds that the diminution of the quantity of water in

the river is attributable to a diminution in the quantity of water

yielded by springs, of which he finds additional indications in the

diminution of water in streamlets, aqueducts, and wells.

" The Commissioners agree with the author in this view, considering

the low depth of water in the rivers to be justly attributable to the

quantity of water flowing throughout the whole district constituting

the basin of the river having been reduced.

" The causes of this general diminution in the flow of water may be

found— 1. In a diminution of the annual rainfall, connected with the

extension of agriculture occasioned by the clearing away of forests

;

2. In an increased evaporation from the surface of the soil, consequent

on the change of culture spoken of ; 3. In such a change in the mode

of flow that the rainfall, instead of being, for the most part, retained

for a time and percolating through the gravel, flows away quickly,

producing brief periods of high floods, alternating with protracted

periods of drought."
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After reporting their opinion in regard to the effects of forests on

the distribution of the rainfall, the Commissioners go on to say :

—

" The copious flow of springs, and the abundance of water in rivers,

however, does not naturally depend solely on the quantity of rain,

falling in the course of the year ; for, on the one hand, a very con-

siderable quantity of the rainfall is returned by evaporation to the

atmosphere ; on the other hand, the nature of the soil determines, in

a great measure, the quantity of the rainfall which sinks into it,

forming subterranean reservoirs from which springs are fed.

" In regard to both of these phenomena, forests exercise an influence

which can hardly be estimated too highly.

" It is proved by direct observation in France, and in the forest

stations for meteorological observations in Bavaria, that the variations

in the tempei'ature of the air in the forests ai-e less than in the open

country. Especially does this hold good in the hours of the day and

in the seasons of the year in which the greatest heat prevails, the

degree of tempei-ature being at these times considerably lower than

in the open country, and, in accordance with this the temperature of

the soil in the forest, is considerably below that of the land unshaded

by trees.

" In like manner the degree of humidity in the forest differs from

that in the open country ; this being, at aU seasons of the year,

greater within the forest than it is outside.*

" In view of these facts, we need not be sui^prised that the evapora-

tion in the forest is found to be much less than it is in the open

field ;t and aU the more so that, besides the relation of evaporation

to temperature, the strength of the wind or movement of the air

constitutes an essential element in the operation, and there is pro-

portionally much less movement of the air in the forest.

" In proportion as it is important to obtain a correct determination

of the quantity of the rainfall which is lost by evaporation so is it

difficult to do so.

" As the means of making observations on the amount of evapora-

tion from the surface of plants and the surface of the ground are

different,—besides which, the comparison between the quantity of

the rainfall and that of the evaporation is pi-ejudiced by difference in

* According to Ebermayer, the difference in the four seasons, from spring onwards,

amounts to 5'7, 9'3, 5'2, and 5"2 per cent.

•f
According to Ebermayer, the evaporation from an exposed suface of water in the

forest was about 64 per cent, less than from one outside the forest.

—Zeitschri/tfur Meteorologie, viii. 253.
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the exposure of the instruments, they being in some places exposed

to the sunshine and the rain, in others protected from these, by

difference in the sizes of the atmometers, and by difference in the

materials of which these are made,—it is not impossible, from these

causes, that an atmometer of small size, made of metal, and set in

the sunshine, may give an annual evaporation which exceeds by far

say two or three times, the amount of the rainfall.

" In consequence of the difficulty of determining by direct observa-

tion on evaporation the evaporation from the gi-ound, and thereby

determining the quantity of the rainfall available for feeding springs

and streams, some have sought to determine this directly in part

by comparison between the quantity of water delivered by a river

in the course of the year, and the rainfall on the whole valley drained

by it ; or, otherwise, between the quantity of water percolating through

a given section and the rainfall over a given range,

" If now there be also in a wood a considerable portion of the

rainfall kept by the twigs and leaves from immediately reaching the

ground, the difference between that rainfall and the evaporation

(amounting, according to Ebermayer, to 72 per cent., Zeitschrift fur

Met. via. 274) will also be retained longer in the forest and get time

to permeate and feed the springs.

" The remainder of what has not been dispersed by evaporation

either penetrates the ground or flows away over the surface.

" In the former case it seems principally to feed the springs; in the

latter case it is carried directly to the water-courses, and after a brief

time produces a more or less considerable flooding of these.

" It is generally acknowledged that the forest, through the vegeta-

tion of lichens, mosses, &c., peculiar to it, is pre-eminently fitted to

absorb the rain, to store up the same, and only gradually—little by
little—to yield it again.

" In view of this, the aforementioned investigations in regard to the

qtiantity of water which sinks into the ground to certain depths is

very instructive, as they give on the one hand the relative effect of

different kinds of soil on the absorption of the different plants with

which they are covered, and on the other the proportion of the

moisture absorbed by the soil in the course of the year. It appears,

according to the latest of these, that the absorption of the forest is

especially manifested in the warm season of the year.*

" In regard to that portion of the rainfall which does not penetrate

* According to Ebermayer, in the summer the following per centages of the rain-

fall was found at the depth of one metre :—

X.
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the ground, but flows away over the surface, and to which popularly

is ascribed the swelling of floods, there exists no difference of opinion

in regard to the influence of forests. On all hands it is agreed that

with the removal of forests the tributaries to water-courses rush more

rapidly to these ; and that in mountain regions, on steep precipices,

from which woods have been cleared, the fruitful soil is swept away,

and water-courses are converted into torrents.

" In the cutting down of forests which present no longer, as

previously, a hindrance to the flowing off of the rain-water by their

manifold united roots, by lichens and by mosses, may be seen gene-

rally the cause of the more frequent and extensive, and ever more

threatening inundations.

" With the facts before them of the diminution of the water in

the rivers, which diminution is connected with a diminution in

the copiousness of springs, the Commission find the cause of

these phenomena to lie— 1. In the continued extensive destruction

of forests, the beneficial effects of which consist in an increased

humidity of the air, a reduction in the extremes of temperature, a

diminution of evaporation, and the securing a more regular distribu-

tion of the rainfall ; while the injurious effects of the destruction of

them is seen in an alternation of periods of drought at one time, with

wasting floods at another.

"2. In the drying up of the lakes, marshes, and bogs, which

increased the humidity of the atmosphei'e, diminished evaporation

elsewhere, kept down excessive heat, and finally escaped through

rents in the ground, increased directly the formation of springs.

" 3. In the breaking up and cultivation of extensive tracts of

country, for the watering of which considerable quantities of water

are required.

" 4. In the increase of population and of domestic animals, although

the diminution of the water occasioned by these causes can amount to

what must be relatively a small portion of the whole.

With litter. Without litter on the gi-ouvd.

In open ground, 19 — 1* 11

In the forest, 61 72 6t 36

Difference 33 61 51 26

Earlier experiments come to us from Maurice in Geneva, and Gasparin in Orange.

A later one, on a great scale— undertaken by E. Risler at Oal^ve, by Nyon (Canton

Wallis), who sowed different experimental fields, of 12-300 square metres, with corn,

clover, etc.,—determined the infiltration at 0'35 metres deep, and showed the

comparative humidity of the soil with that of the superficial soil under diflferent

conditions of culture.

—

Anmiaire Meteorologique de V Obserrotoire de Paris, ponr 1873,

y. 277.
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" 5. And, lastly, it appears to this Commission that the view ex-

pressed M. S. Saeman, * according to which, iu the interior of the

earth, water is continually required for the formation of minerals in

which it is chemically combined, and from which mineral operation a

diminution of water must follow, deserves consideration."

At the instance of the Academy of Science of Vienna, the paper by

Herr Wex was bi'ought under the attention of the Imperial Academy

of Science in St Petersburg, by which also a Commission was ap-

pointed to consider it, to supply information in regard to similar

phenomena in Russia, and to report. In a report submitted by the

Commission to a meeting of the Academy held on the 27th January

1876, amongst others things it is stated, in reference to what had

been said by the author in regard to the effect of the destruction of

forests on the humidity of different countries :
—" To these examples

we may add the districts in Southern Russia, where it is well-known

that large forests existed about 150 or 200 years ago in the very

spots invaded by the steppes, the higher portions of which are

perfectly arid, so that the inhabitants, to prevent their dying of

thirst, are obliged to live on the banks of tiny streamlets in the

lowest valleys. We may also make mention here of the Volga and

Dnieper, where the destruction of the forests, from south to north,

has made and is making such progress that these rivers, so indispen-

sable to the commercial prosperity of Russia in the middle and in the

lower portions of their course, now flow through regions which are

quite cleared of forests. There the floods reach a higher level than

they did formerly. And who has not heard serious complaints,

annually repeated, with regard to the modifications of river-courses

caused by these floods by changing the direction of the navigable

channel and hollowing out new beds for the streams 1 And who does

not know that gorges, deprived of water in winter and dry in summer,

during spring, in consequence of the rapid melting of the snow on the

naked steppes, become, after heavy rains, impetuous torrents, which

undermine their banks and carry away large portions of valuable soil ?

Furthei-more, all the affluents of these rivers bring down masses of

detritus, which every year contribute to the formation of new river

beds. We may state it as our conviction that the injury caused at

present by the Volga, the Don, and the Dnieper, would be much

* Sur V unite des phbwmenes geologiqties dans h systbnie du soleil. Bull, de la SociSU

Qeolagiqw dc France. 2 Serie, t. xviii. ]). S22. 1861.
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less serious if the land along the banks had been preserved from

deboisement."

Thus do abound observations which go to establish it as a fact

that, whatever may be the effect of trees on the rainfall, there is an

effect produced by them on the humidity and moisture deposited

from the atmosphere which is such as to affect the existence of

springs, and the flow of rivers. It is the fact alone, and not the

way in which it has been brought about, with which we have here to

do, and the fact seems to be established beyond question by the ob-

servations which have been brought forward.

It is not to be expected that the treatise by Herr Wex should at

once command universal unhesitating acceptance of all the observa-

tions cited, and reasonings and deductions founded thereon. Since it

was published (in 1873) Herr Wex has collected a great many new
and interesting observations of facts and experiments in relation to

the diminution of water in lands under culture, and in relation to the

influence of the extensive destruction of forests; and while these

sheets are passing through the pi'ess he is carrying through the press

a second treatise on the subject, in which he meets all doubts and

conflicting observations known to him to have been advanced against

the statement made by him in regard to the diminution of water

in springs and rivers.

Reference is made by the Commissioner appointed by the Academy
of Science of Vienna to report on the treatise by Herr Wex, to

observations made by Dr Ernst Ebermayer, professor in the Centrcd-

Forster Lehanstalt, School of Forest Science, Aschaff'enburg. For

some seven or eight years he had been engaged in the study of

observations on the meteorological eff"ects of forests, made by himself,

or under his direction, and corresponding observations made by

others. Results have been published from time to time in scientific

journals. And the more important were embodied in a volume

published under the title of Die pliysikali&clien Eimvirkungen des

Wcddes auf Lxift und Boden und Seine Mimatologische zmd hygienische

Bedeutimg, begriindet durch die Beobachtungen den forsUich-meteorologi-

schen stationen in Koiiigreich Bayern.

The following is a resume of facts noted by him, embodied in a

report on the Cultivation of Timber and the Preservation of Forests,

submitted to the Congress of the United States in 1874. It is given

as taken from a report made by H. J. Wiseman, Consul of United

States at Sonneberg, to the Department of State, November 1873.
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" That the forests of a country are not only of great importance

in supplying many necessary productions of ordinary life, but also

serve still higher purposes in the domestic economy of nature—to

the extent that within certain limits the arability, the inhabitability,

and beauty of the land depend upon an appropriate area of woods

—

has often been declared. Indeed, this fact is now generally ac-

knowledged, at least by all educated persons, and it forms the basis of

a series of legislative measures, which have for their object the pro-

tection of the forests from destruction and misuse on the part of the

ignorant for selfish purposes. But, hitherto, the exact relations

between the woods and the fields have not been fixed by the certainty

of figures. There has always been a lack of scientific accuracy in

connection with a matter of so great importance, simply because no

systematic method has been carried out by which, from actual experi-

ment, these relations could be surely determined. The discussions,

therefore, which for years past have taken place on this subject, the

conflicting opinions which have been advanced in literature and in

scientific bodies, have been only valuable to the extent that they

served to keep alive interest in a vital question. No argument which

has been made has been deemed conclusive, because there has always

been a failure to base theories upon the results of scientific researches.

" To obtain this scientific foundation upon which to prosecute

future investigations, the kingdom of Bavaria has taken the initiative.

Since 1867, under the organization of Dr Ebermayer, professor at the

Forest Academy at Aschafteuburg, a series of meteorological observ-

ations and experiments have been made at several stations within the

kingdom, which were selected as being best adapted for the object in

view ; and most painstaking and minute investigations have been

pursued by competent and experienced observers. These interesting

and very importaot results, which have been obtained by these six

years of close inquiry, have just been made public.

" The observations have been made simultaneously at a station

within the forest, and at a station corresponding thereto in all

respects in the open country. The results which have been reached

are as follows :

" 1. That the average annual temperature of the atmosphere in the

woods is somewhat below that of correspondingly situated areas

which are unwooded. (About li to 1^^ of a degree Fahrenheit.)

" 2, That the average annual temperature at the crowns of the

trees is about 1|° above that which is found in dense woods at a

distance of 5 feet above the surface of the ground j w hile iu the
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former case the average temperature is |^° below that of unwooded

lands at a distance of 5 feet above the surface of the ground.

" 3. That the average temperature of the spring within the forest

was 2'95" below that of unwooded land. This difference was less

apparent among shade-trees, than where pines were the growth.

" 4. That the average temperature of summer in the day-time, in

thick woods, is 3'78° below that of unwooded land.

" 5. That the temperature of the atmosphere within the woods, in

the summer season, increased 3'94° from the ground to the tops of

the trees.

" 6. That the average temperature of autumn within the woods

was scarcely 1^ below that of the open land ; and

" 7. That in winter this difference in temperature almost entirely

disappeared.

" These briefly mentioned differences between the temperature of

the atmosphere within the forests and that of unwooded lands, affect

the constant current of air in the day-time. For instance, the stream

of air flows from the surface of the ground within the forests toward

the periphery of the woods, and thence spreads over the open fields.

It afterward passes back again to the crowns of the trees, and by

coming in contact with the leaves which, during the day, are colder

than the atmosphere, the latter itself grows cooler and heavier, and so

gradually descends from the tops of the trees to the surface of the

ground.

" At night the conditions are entirely different. The thermometer

now is higher in the woods than in the open lands. The Bavarian

observations for the month of July show that, while at midday the

temperature within the forest is 8 '01° below that of the unwooded

land, at night it is 4-39 higher, (18 and 29 per cent.) ; in August,

during the afternoon, 7"13° lower, and at night 3*71 higher, (16 and

22 per cent.) During the night, therefore, the colder and denser air

of the unwooded land passes into the forest, displaces the warmer air,

which rises and is cooled by contact with the leaves, and then

radiates.

" The maximum and minimum temperature of the open lands is

never reached in the forest. The [mean .?] atmospheric temperature

of the woods always remains several degrees lower.

" From these data, therefore, it is evident that the thermal effects

of woodland are of great moment, and that climatic alterations must

result from deforestation on a large scale ; that these climatic changes

will cousist, as a general thing, in increasing the annual temperature,
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and in sharpening still more the extremes of heat and cold. But

these thermal eflfects are not alone confined to the atmosphere, but

have, as well, a particular influence upon the Boil. The Bavarian

investigations have clearly demonstrated that the average annual

temperatures at various depths beneath the surface of the ground are

nearly equal ; that the average temperature diminishes downward

quite slowly and by small degrees, (at a depth of 4 feet never more

than 1*12°,) but that the average annual temperature of woodland

soil, at all depths, is below that of unwooded land, on an average of

3-37°.

" Further, it has been demonstrated that the temperature of the

soil in the spring and summer is highest at the surface and diminishes

downward. In spring the difference between the warmth of the soil

at the surface and at a depth of 4 feet amounts within the forest to

5*62°. In summer these differences show 7*50° both in the wood and

in the open land. But the soil of the woods in summer is 75.0?

colder than that of the unwooded land, and the greatest difference

has been found at a depth of 2 feet.

" In contrast to spring and summer, the temperature of the soil

increases in autumn and winter, from the surface to a depth of 4 feet

beneath. In autumn this advance of tempei'ature, according to the

Bavarian observations, amounted to 4'50° outside of the forest and to

3'49° within the forest ; in winter, relatively 4'21'' outside and 4*41*

inside the woods. Wooded and unwooded lands have, therefore, in

winter, to the depth of 4 feet, very nearly the same temperature ; the

result of which is that the influence of the woods upon the temperature

of the soil is not less than that which they exert upon the tempera-

ture of the atmosphere.*

* It cannot be supposed that trees have any vital process by which a degree of heat

is maintained above the medium in which they grow. Their trunks, branches, and

leaves are heated and cooled in the same manner as inorganic bodies under like condi-

tions of exposure. But wherever evaporation or condensation is taking place, the

same change occurs in them as elsewhere, and the universal law of thermal result ap-

plies. " The trunks of trees," says M. Becquerel, " only acquire their maximum tem-

perature after sunset. In summer it occurs as late as 9 p.m., while in the air the max-

imum temperature occurs from 2 to 3 p.m. Changes of temperature take place very

slowly in the tree, but in the air they are rapid. When the leaves are cooled by noc-

turnal radiation they recover from the trunk by radiation the heat they have lost.

The temperature of the air above the trees which have been heated by solar radiation,

acts ou the temperature of the air, and prevents it falling as low as it would otherwise

have done."'

—

Comptes liendus, Seances de VAcad. des Sciences, May 22, 1855, tome ix,

p. 1049 ; also Joui\ of Scottish Meteorological Soc, (new ser.,) i, 234. [I give the note

as given appended to the text, but I do not homologate what is said in the opening

sentence.— J. C. B.]



208 EFFECTS OF FORESTS ON SPRINGS AND RIVERS.

" Far more important, however, than the thermal effects upon the

soil and the atmosphere are the influences inherent to the forests of a

country which affect the humidity of the soil and air, the quantity of

the rainfall, and the abundance of the springs. In relation to these

points the investigations of Ebermayer have produced very valuable

results.

" In the first place, it has been discovered that the influence of

forest-lands upon the absolute contents of moisture in the atmosphere

—the evaporation pressure—cannot be proved, in spite of the fact

that the air of the woods is always more humid, relatively, than the

air of the open grounds. This is easily explained by the greater cool-

ness of the former. The higher a place is situated, the more marked

was the relative difference observed in Bavaria between the humidity

of the wooded and imwooded country. Ebermayer assumes that the

augmentation of aqueous descents, caused by a larger ai-ea of wood-

land, noticed at many places, is to be attributed merely to the

increase of the relative moisture within the forests.

" In close connection with the relative humidity of the atmosphere

of wooded and unwooded lands stands the quantity of water which

has been discovered to evaporate at given points, during a given

interval of time, at a certain temperature, and at a certain pressure

of the atmosphere, from an open surface of water.

" The Bavarian observations have proved that in an average of one

year less than 64 per cent, of water evaporates within the forest than

outside of it. The fact is more remarkable, because the proportion of

evaporation was nearly the same at all seasons of the year, although

the temperature of the atmosphere of the forests and the open lands

is so different in the winter from what it is in summer. This forces

us to the conclusion that the movement of the air, which is very much

less within the woods than outside of them, plays a far more

important part in relation to evaporation than has hitherto been

supposed.

" But for the abundance of water and the forming of springs in any

country, the evaporation from rivers, ponds, and lakes is not so impor-

tant, by any means, as the evaporation of the water of the soil.

" The amount of evaporation from one square foot (Parisian

measurement) of an open surface show, in Parisian cubic inches, as

follows :

—
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In open land. In the woods.

April, 1869 39'J 200^

April, 1870 373 226

July, 1869 407 151

July, 1870 394 151

October, 1868 158 73

October, 1869 194 50

" There evaporated, therefore, from the water contained in the soil

of wood-lands, as well as from open water-surfaces, far less than

evaporated from the water of the soil of the open grounds—about 40

to 50 per cent, in April, 60 per cent, in July, and 70 per cent, in

October—and this decrease reaches its maximum in the hottest

season. Still more glaring does this difference of exhalation appear

when wood-soil, covered with leaves and pine-needles, is compared

with wood-soil which is free of litter of this description.

" Under the first-mentioned conditions the evaporation from one

square foot (Parisian measurement) amounted, in Paris cubic inches,

to the following :

—

From unanered Prom wood-soil

wood-soil. covered with Utter.

April, 1869 200J 78

April, 1870 226 102

July, 1869 151 65

July, 1870 151 55

October, 1869 50 25

" In wood-soil covered by litter, when compared with the bare soil

of the fields, the difference in the amount of evaporation per square

foot (Parisian measurement) is shown, in cubic inches, by the

following figures :

—

From hare soil of From Utter-covered

the field. forest soil.

April, 1869 399 78

April, 1870 373 102

July, 1869 407 65

July, 1870 394 55

October, 1869 194 25

" From these figures, therefore, it is perfectly apparent how impor-

tant are the influences of the woods of a country upon the abundance

of its springs and the mellowness of its soil ; and in this connection

how essential are wood-lands which are covered with the litter of

fallen leaves, the uprooting of which effects a direct injury to

cultivation.

Y
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" But it must also be borne in mind that extensive areas of wood-

land materially inci'ease the quantity of the rain. At Rohrbrunn

(Spessart) 62 per cent, more rain falls than at Aschaffenburg, in its

immediate neighbourhood, on an average of the years 1867 to 1871-

Certainly one-quarter of the gross quantity of the rainfall was caught

by the tree-tops and conveyed, by evaporation, again to the atmos-

phere, (average of the years 1868 to 1871 at all the meteorological

stations.) But of the remaining three quai'tei's of the aggregate rain

which fell upon the earth, there evaporated during the same interval

six times less from the soil of the forest than from that of the open

country ; and, therefore, a much greater quantity of water is absorbed

by the forest, where the leaf-litter is retained, penetrating to the

deeper strata of the earth, than is held by the soil of the fields.

This fact is of the utmost importance in its relation to the formation

of springs to the supply of water to the rivers, and to all the

numerous interests of agriculture which stand in so close connection

with it.

" The investigations of Ebermayer have also led to very important

conclusions in regard to the amount of ozone in the atmosphere,

" The air contains most ozone in situations of great altitude,

where there is much humidity. In dense woods, however, the

amount of ozone in the o,tmosphere is somewhat less than in the

directly adjoining open land. The most healthy dwelling-places,

therefore, are not in the midst of the forests, but at their borders.

" The proportion of ozone, on an average, at the six meteorological

stations in Bavaria, on the borders of the forest, relatively to that

contained in the atmosphei*e at Aschaffenburg and Zwickau, was as

follows :

In spring, as 8-20 : 6'80 : 3-20

In summer, as 7*70 : 3-20 : 3-10

In autumn, as 8-00 : 5-40 : 2*20

In winter, as 8-40 : 6-00 : I'SO

" These few data satisfactorily demonstrate the general importance

to which these forest meteorological stations may lay claim. A con-

siderable increase of the number of these observations may soon be

expected,

" To the six stations now existing in Bavaria will shortly be added

ten in Prussia, one in Mecklenburg-Schwerin, and three in Alsace-

Lorraine. In Bohemia, at Promenhoff, one observatory is already in

operation ; also three in Switzerland, Canton-Berne. The erection of

a station at Valambrosa, near Florence, in Italy, is also projected,"
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About the time that Herr Wex's paper was published in 1873,

there was held in Vienna an International Congress of distinguished

students of forest science. By them was resolved to send to the

different governments of the civilized world the following expression

of their views :

"1. We recognize the fact that, in order to effectually check the

continually increasing devastation of forests which is being carried on,

international agreements are needed, especially in relation to the

preservation and proper cultivation (for the end in view) of those

forests lying at the sources and along courses of the great rivers,

since it is known that through the reckless destruction of them,

there results a great decrease of the volume of water, causing detri-

ment to trade and commerce, the filling up the river's bed with

sand, caving in of the banks, and inundations of agricultural lands

along the river course.

" 2. We further recognize it to be the mutual duty of all civilized

nations to preserve and to cultivate all such forests as are of vital im-

portance to the well-being—agricultural and otherwise—of the whole

land, such as those on sandy coasts, on the sides and crowns, as well as

on the steep declivities of mountains, and on the sea-coasts and other

exposed places, and that international principles should be laid down,

to which the owners of such protecting or " guardian forests " should

submit in order to preserve the land from damage.

" 3. We recognize further that it is the case that we have not at

present a sufficient knowledge of the evils (disturbances in nature)

which are caused by the devastation of the forests, and therefore

that the efforts of legislators should be directed to causing exact

data to be gathered relating thereto."

It has been noticed as a singular coincidence, that, at nearly the

same time, the American Association for the Advancement of Science

had under discussion measures tending to similar results, although

not expressly designing to extend its recommendations beyond the

limits of the United States, except in the way of correspondence with

other associations having similar objects in view. It is not supposed

that either of these bodies derived their suggestions from the other,

although the proceedings at Portland antedate those at Vienna only

about three weeks in time.

The coincidence, however, shows the wide and general prevalence

of a realizing belief that the time for action has now come, and that it

i s the duty of all Uoverumeuts to look well to the future, and take



212 EFFECTS OF FORESTS ON SPRINGS AND RIVERS.

early and effectual measures to provide against the injuries that might

soon follow a further neglect of interests in this regard.

Sect. IV.

—

Immediate Action of Trees in Arresting the Flow and

Escape of Rainfall.

While it is true that the rainfall is only the precipitation from the

air of a quantity of moisture which it could no longer hold in solution,

it is no less true that thus often a much larger supply of moisture is

brought to a locality than it would have obtained in the same

time, or in a much longer time, either by deposit of dew, or by the

attraction of moisture from the atmosphere by any of the constituents

of the soil ; and we have now to consider the immediate effect of

trees upon it when thus px-ecipitated. Some of these have been

adverted to in documents which have been quoted ; but they require

more detailed consideration.

The testunouy which goes to show that the destruction of forests

has occasioned the drying up of sprinys, and that the replanting of

woods has been followed by their re-appearance, seems to be incon-

trovertible ; but it has been questioned whether the views which

have been advanced and liave been generally i-eceived in regai'd to

some of the phenomena connected therewith be correct.

Marshal Vaillant, whose experiments on the emission of moisture

from tlie leaves of trees have been cited in a jjreceding chapter,

i-emarks :
—" In the report read by Monsieur Becquerel, at the

Academy of Science, it is asserted that sjorings generally have their rise

in monntains. It is true, and according to nature, that the causes

which formed the mountains have at the same time broken up the

impermeable strata in which are stoi'ed the water which creates and

supplies the springs. That forests are more usually formed on

mountain declivities than in the plains is generally true, and this is a

simple consequence of the superior fertility of the plains and valleys,

and of the greater trouble which tlie agriculturist would have in

cultivating such difficult localities where there are often not even

forest tracks ; but to conclude from this that there is a necessary

and intimate relation between the existence of forests and of springs

is perhaps a rather far-fetched conclusion ; and we think it would

be well to examine what the conclusion is really worth.

" The same report states that, ' the roots of the trees by dividing

the soil make it more permeable and facilitate infiltration.'

" May we be permitted to make some observations on this point.
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Usually there is no ground harder or less permeable than that

formed close to the trunks of trees ; if required we can bring forward,

as a proof, the long and deep trenches which have lately been opened

on some of the Boulevai'ds of the capital, the substitution of rich

vegetable mould for the exhausted and, as it were, petrified soil, and

finally, the drainage works intended to convey air and moisture to the

trees on the Boulevards. All these sufficiently prove that these roots

would suffer in the soil in which they are condemned to grow, and they

are powerless as regards the penetration of water or rain, as well as in

imparting theleastmeasureof permeability to the soilwhich stifles them.
" Monsieur Becquerel, in support of the opinion that forests are

favourable to the maintenance of springs, cites two facts the impor-

tance of which we do not deny, but which would require a more

careful study before being considered incontestable. We allude to

the Scamander, which M. de Chouseul-Gouffier found to have dis-

appeared, and the invasion by the lake of Tacariqua of a large tract

of land formerly under cultivation. Is it quite certain that the

source of the Scamander has dried up, simply in consequence of the

destruction of the cedars on Mount Ida 1 May not the reservoir

which supplies this spring have been disturbed by some subterranean

convulsion ? Have any observations been made regarding the other

springs on Mount Ida ? And as to the lake of Tacariqua may not the

loose soil of such localities so often disturbed by volcanic eruptions

have first sunk and then risen, so as to cause in the first place the

water to retreat from, and in the second to invade, the shores of the

lake? Does not the entire globe, even in its most stable portions,

continually present such phenomena ? On the western shore of

Schleswig and Holstein, in the strata of the ground there are found

alternate layers of peat, formed by fresh water, and marine deposits,

which sufficiently indicate alternate rises and falls of the land.

" To resume I agree with my honourable friend, M. Becquerel, in

saying that forests exercise a complex action. I add that this action

has never been studied, specially with regard to the desiccation of

the soil which they cover, and the exhaustion of the springs which

may be the result. On this point there is work to be done, prejudices

to be destroyed, and truth to be revealed."

All that is thus advanced by Marshal Vaillaut is entitled to re-

spectful consideration. But along with these theoretic objections may
be taken into consideration facts which have been cited above in

numbers, and at the same time the following :

—
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M. Conte-Granchamps, Incjenieur en Chef des Fonts et Chaussees,

has established by direct experiment, made with precision and with

the greatest care in the forests of coniferous trees situated in the

regions of the Loire and the Alps :

—

" 1. That existing sources have ceased to flow on the destruction

of forests.

" 2. That these identical springs have re-appeared along with

vegetation.

" 3. That the discharge from a water-course, the bassin de reception of

which is wooded, varies from one to two ; whilst that of another water-

course, proceeding from a ba^in de reception which is devoid of woods,

all things else being equal, varies from one to six.

" 4. Finally, that the reboisement of one hectare, or two and a half

acres, will increase the discharge from the spring sixteen cubic

metres daily ; whilst gazonnenient, or covei'ing it with herbage, in the

same circumstances increases the discharge by four cubic metres."

And on the other hand, M. d'Arbois de Jubainiville, in reply to an

appeal made to its readers by the Revue des Ecmx et Forets, for

information respecting the influence of forests over the water system,

expresses himself as follows :

—

" Several forest clearings have been executed in the canton of

Vaucouleurs. I have tried to discover what changes have been

produced in the springs. All the springs of this territory have their

rise in the middle strata of the oolitic system. And the forests above

are treated as are usually coppice and timber forests.

" In the territory belonging to the commune of Taillancourt the

spring of Vaux-de-Bure had never dried up so long as the plateau

which supplied it was shaded by the forest of Vaux-de-Bure, but

ever since the half of that forest was cut down every summer the

spring has ceased to flow. The clay bed underlying the spring is at

no great depth ; it lies within a few metres of the surface throughout

the greater part of the basin of supply,

" In the commune of Sauvoy, near the Mayoralty, a perennial

spring became ephemeral when a wood was cut down which covered

the side of a hill, at the foot of which the spring was situated.

** On the contrary, in the commune of Monsigny-les-Vaucouleurs,

the partial clearing of a hill overhanging the spring has not interfered

with the outflow, the fountain of supply seeming to be very deep.

" I have also examined the efiects of exploitation where felling

takes place in the basin of the springs, giving thus free access to

to them of sunshine and wind.
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" In the reserved quarter, in Maxey-sur-Vaise, the summer flow of

the spring of Moymout was much diminished when its basin was

exposed by the exploitations. The impermeable bed on which the

water is collected lies at no great depth, for during the season of

making charcoal the taste of the spring is aftected by the smoke.

" The inhabitants of the small town of Void have also noticed a

diminution in the summer discharge of water, on the destruction of

the woods subject to a right of felling which surmount the springs.

" M. Clavery—who, for a long time, and with such enlightened

care, has administered Commercy,—has also made similar observa-

tions on the water system which supplies that town. He writes thus

on the subject :

—

" * Since the exploitation of the woods situated in the basin of the

source called Fontaine Royale, which supplies the town, for two or

three months every year the inhabitants are deprived of water.

Almost all the springs dry up about the month of July. Even

before these woods were cut down this scarcity had begun to appear,

but only slightly, very few springs being entirely dried up during

great heat ; but since the exploitations near the Fontaine Royale the

greater number are exhausted every year.'

" Cutting down woods has a still greater influence on ponds. Thus

the ponds situated in the reserved quarter at Taillancoui't was full of

water during the growth of the neighbouring woods, but ever since

they were cut down it becomes dry during the summer.
" In the same way roads which were muddy and impassable have

been rendered dry and good in summer by cutting down the adjoin-

ing woods.

" In fine," he remai'ks in conclusion, " forests increase the summer
out-flow of the springs by preventing the ground being dried up, and

this influence is all the greater when the water collects on an

impermeable bed at no great depth."

From these facts, and the many others which have been adduced,

there seems to be no room for doubt, notwithstanding the authority

to be attached to anything proceeding from the pen of a man like

M, le Marshal Vaillant, that forests exercise a great influence on

the water system of a district.

But we can carry our investigations much further, and trace the

operation whereby trees arrest and so regulate the flow of and escape

of the rainfall in many of its details, and so make manifest what the

efl'ect of trees in this operation is.
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Herr Wex has expressed his views on this point iu a passage I have

quoted, and Marsh in his treatise on the " Earth as Modified by

Human Action," states in regard to a forest :

—

" By its intei'position, as a curtain between the sky and the ground,

it both checks the evaporation from the earth, and mechanically

intercepts a certain portion of the dew and lighter showers, which

would otherwise moisten the surface of the soil, and restores it to the

atmosphere by exhalation. While in heavier rains the large drops

which fall upon the leaves and branches are broken into smaller ones,

and, consequently, strike the ground with less mechanical force, or are,

perhaps, even dispersed into vapour without reaching it.

" The vegetable mould, resulting from the decomposition of leaves

and of wood, seems as a pei'petual mulch to forest soil by carpeting

the ground with a spongy covering which obstructs the evaporation

from the mineral earth below, drinks up the rains and melting snows

that would otherwise flow rapidly over the surface, and perhaps be

conveyed to the distant sea, and then slowly give out by evaporation

infiltration, and percolation, the moisture thus imbibed. The I'oots,

too, penetrate far below the superficial soil, conduct water along

their surface to the lower depths to which they reach, and then by

partially draining the superior strata, remove a certain quantity of

moisture out of the reach of evaporation."

The meteorological effects produced thus by forests resolve them-

selves into the prolongation and consequent increase of the evapora-

tion of water falling in the forms of rain, snow, and hail, efi^ected in

two distinct operations, first the absorption and retention of a large

poi-tion of the rainfall, and second the retardation of the flow of the

remainder towards the great reservoir and source of all, in accord-

ance with the observation of the Hebrew preacher, " All the rivera

run into the sea
;
yet the sea is not full : for unto the place from

whence the rivers come thither they return again."

Mr Marsh speaks of the ever-renewed and increasing vegetable

mould as a perpetual mulch, and in reference to the humidity of

forest soil he cites the following passage from Etudes sur VEconomie

Fo7-estiere, by Jules Clav6 :
—

" Why go so far for the proof of a

phenomenon which is repeated every day under our own eyes, and of

which every Parisian may convince himself without venturing beyond

the Bois de Bologne, or the Forest of Meudon ? Let him after a few

rainy days pass along the Chevreuse road, which is bordered on the

right by the wood, and on the left by cultivated fields. The fall of

water, and the continuance of the rain, have been the same on both
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sides ; but the ditch on the side of the forest will remain filled with

water, proceeding from infiltration through the wooded soil long after

the other, contiguous to the open ground, has performed its office of

drainage and become dry. The ditch on the left will have discharged

in a few hours a quantity of water which the ditch on the right requires

several days to receive and carry down to the valley." And but for

this drainage into the ditch the water might have remained there for

an indefinitely longer time. Thus by an operation, distinct from all

that have been mentioned, the humidity of the soil is prolonged and

maintained by forests. By continuous exhalations of moisture

through the stomates of the leaves—the moisture being obtained

in part, and it may be in great part, from what is stored up in these

superficial and deeper-lying reservoirs, replenished from time to time

by rain—the humidity of the air in a forest is increased ; bnt it is

the other phase of the operation with which we have at present

more especially to do.

It is this effect of forests which has led to the extensive replanting

of the Alps, the Cevennes, and the Pyrenees with trees, herbage, and

bush, with a view to arresting and preventing the destructive conse-

quences and effects of torrents. In a separate volume I have given a

copious compilation of records of what has been done, of what led to

this being doue, and of the successful results which have followed.

Here I may cite some of the statements made by one of the writers

on the subject, M. L. Marschand. I have already referred to

remarks by him on the hydroscopicity and capillarity of certain

minerals ; as a property distinct and different from these which retain

moisture, he speaks of the permeability uf soils, by which they give

passage to moisture and allow of its transmission; and he gives

cases of minerals which absorb and retain very little moisture in

their structure, but which are very permeable by water.

In general, rocks which are highly hydroscopic are not very

permeable, for the molecules, once moistened, cohere and present the

appearance of a compact mass impermeable to water, as may be seen

in clay.

On a permeable soil or subsoil, trees create and maintain on the

surface a layer of humus of considerable hydi'oscopic an 1 capillary

properties, retaining water, and modifying the general permeability.

While, on an impermeable rock, the roots break up this and increase

the permeability.

The^principle which he seeks to establish is, that forests have the
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efifect of modulating the properties of rocks, giving to them what they

have not ; and he alleges it is in this way, more especially, that their

action is salutary in the contro] of waters on the mountains. Of this

view of the subject he gives the following illustration :
—" When the

rain falls on a denuded brow of a hill, composed of argiUaceous earth

the water moistens the surface—this absorbs a great quantity of it,

through its hydroscopicity and capillarity—but when once this surface

is moistened, the transmission of water goes on only very slowly from

particle to particle, for the permeability is almost nothing, in

consequence of the minute subdivision of the molecules which are

brought into the closest contact ; and that which is absorbed remains

on the surface and dilutes the superficial layer, which is soon thus trans-

formed into a thin clay devoid of cohesion. A layer more or less deep

will then detach itself from the surface of the mass, and will flow to the

bottom as mud more or less fluid, according as the rain may have

been more or less violent. By a very gentle rain, a superficial layer

is moistened ; but the water falling slowly may be able to penetrate

it completely, in virtue of its hydroscopicity and capillarity. In this

casi there will be only a superficial flow, for the greater portion of the

water will penetrate the soil. '

" But suppose that this same argillaceous land, or other unstable

ground, were wooded, the trees in spreading the fall of the rain over

an expanded surface, that of their foliage, would moderate the rain-

fall, and would at the same time augment the absorbent power of the

soil, as well as its permeability, and as a consequence augment the

quantity of water retained superficially. The mobility of the surface

thus softened would, undoubtedly, be increased, but the roots im-

prisoning it would retain the softened ground to such a degree that

no amount of water falling upon them from the heavens alone could

cause it to slip away. Wherever landslips occur on wooded grounds

they can be otherwise accounted for.

" If, in conclusion," says he, " we examine a forest situated on a

land permeable en masse, as are the plateaux ofJurassic limestone, the

first effect of the forest would be to cover the soil with a thick layer

of humus and of moss, which combine in a very high degree

hydroscopicity and capillarity. The quantity of water retained thus

in the upper layer of the soil will be much greater than it would have

been had there been no forest there^ for on the rocks referred to the

destruction of woods is almost immediately followed by a denudation

of these rocks of soil.

" It follows from this that on these lands the forest arrests the
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descent of the waters to the bottom of the valleys, for it is only very

slowly that water retained by hydroscopicity and capillarity quits the

substances which they penetrate. Moreover, as the greatest storms

of rain never do saturate completely the layer of humus on wooded

soils, it is impossible to form torrents on these."

He states that the effect of gazonnement is to augment the

hydroscopicity and capillarity of the surface of the soil, bnt that this

is not sufl&cient to secux-e the absorption of all the water that falls

upon it in a storm of rain, and he sites facts in support of the allegation.

The same good effects, he states, are produced to a greater extent by

buissonneinent, or the planting of bushes, while a layer of humus of

great hydroscopicity, produced by the decay of their leaves, co-opsrates

in the production of these good effects ; but he cites evidence that

even gazomiement and huissonnement combined have failed to prevent

erosion and the formation of torrents.

But forests produce in a surpassing degree each and all of the

effects referred to, as produced in a minor degree by meadows and

bush. (1) They form by their detritus a very hydroscopic layer, and

in consequence augment the quantity of water retained
; (2) They

augment the expansion of surface on which the water falls ; and (3)

They augment the capillarity and permeability of the subsoil.

" I have," says he, " in treating of the permeability of the soil,

explained the influence of forests on this. In retaining for some time

the water at the surface they augment considerably the quantity which

is absorbed, particle by particle, by hydroscopicity and capillarity, for

this absorption is slow ; and thus, in a word, the forest tempers the

action of rain dashed downwards in a storm, and leads the water gently

on to the soil, as if it had fallen in a gentle shower ; and further, it

augments, in line, the permeability of the soil, by keeping the surface

unhardened and in some sort always open to receive the water which

comes slowely from the heavens.

" I make no mention of the influence of forests in regard to

evaporation—in regard to the direct absorption of water—and in re-

gard to the humidity of the atmosphere, etc. I take up one point of

view alone of the torrential management of waters in the high

mountains, and these relate to this only indirectly.

" If a storm of rain beat upon a forest the whole of the water which

falls is temporarily retained, all penetrates more or less deeply the

soil without flowing on the surface ; and, it may be objected, if the

subsoil is impermeable the result will be the same. But the objection

is without foundation. I shall suppose, what is frequently the case,
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that there is impermeable rock underlying the humus : all the water

should arrive at this bed of rock aud flow down, but the hydroscopicity

and capillarity of this humus—of the ground—of the foliage—of the

branches of the trees—in a word, of the material of which the forest

is composed—will aiTest the water to such a degree and measure as

to regulate temporarily the delivery.

" I have glanced rapidly at the action of forests, in view simply of

their effect on the water which falls on their surface ; but their

function is by no means limited to this, for they serve also to arrest

the waters which come from the pastures above them. They constitute

in some measure a kind of immense and powerful barrage, or barrier

placed between the summit and the bed of the valleys.

" In support of this allegation, I shall cite personal observations

which seem to me conclusive. Never have I seen, during the most

violent storms of rain, super6cial Sowings of water in the forests

situated under pastures, though such Sowings may have existed in the

meadows at a greater elevation than the forests ; all the waters which

these supplied were literally absorbed aud retained by the forest soil.

I except, intent. onally, well-marked ravines, which coming from above

traverse forests, for the question here is only of slopes somewhat uniform,

or but slightly undulated ; it is evident that the soil of the forest will

not absorb the water of a stream which traverses it encased in a bed.

" I take, for example, a valley which rises to a summit line some-

what elevated. The end situated at a great height is formed entirely

of pasture lands, which spread out equally on the summits of the

brows of the mountains ; at a lower level beneath these are the

forests. The waters which fall into the cistern formed by the head

of the valley rapidly accumulate, and give birth to a torrent which

traverses the forest. On the contrary, that which falls on the pasture

lands above the brows do not commonly reach the depth of the

ravine ; descending to the forest zone uniformly extended over the

soil, they are there absorbed.

" In a word, the zone of the forest absorbs generally the water

flowing from the zone of pasture lands which correspond to it. In

support of these observations, I appeal to all who, in the Alps, have

observed storms of rain in the forest. I except water accumulated in

ravines or depressions, which are in another condition.

" But the beneficent action of the forests does not limit itself to

this ; the flow in the ravine may also, if it be not completely absorbed,

be by them rendei'ed less injurious if it should come to spread itself

over a cone de dijection in a forest otherwise covered with wood. 1
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have observed, in connection with this, numerous muddy floods in

ravines which, spreading themselves out in the middle of a forest,

come out thence very limpid, depositing in it their slime, and leaving

in it also almost the whole of the water.

" The great forest of the Ofen, in the Grisons has supplied me
me with many instances of this. The soil, composed of the dolomite

limestone of the triassic period, is somewhat unstable ; in the middle,

of the pasture lands which surmount the forest there are formed every

year numerous torrents, which to an enormous extent carry off the

small pebbles, which are characteristic of the dolomite. All these

torrents arriving in the forest, then expand and diffuse themselves,

and very rarely do they penetrate to the bottom of the valleys. In

the upper portion of the Munster-Thal, I have seen on the right-hand

side an enormous ravine, the muddy torrents of which are arrested by

the forest. And the waters of the Munster, so well enclosed at this

point, are a proof of the beneficial action of the forests. In fine, from

the moment that the forests begin to retain the mud they retain also

temporarily the greater portion of the water in which this was sus-

pended, which are arrested by the enormous absorbent powers they

possess."

At the meeting of the Brititsh Association held at Brighton in

1876, M. G. Lemoine, Ingenieicr des Fonts et Chaussees, read a paper
" Sur les Forets dans leur Rapports avec VHydrologie." In which he

stated that in the basin of the Seine it had been established that, com-

pared with soil covered with gi-ass, or even with other permanent culti-

vation forests had no special influence on watercourses. The only

absolutely certain action of forests was their influence in protecting

the soil and preventing it from being carried away ; but from this

single fact it followed that in mountainous countries they would

retard the flow of torrential watei\ In the Department of the Hautes

Alpes the presence of forest vegetation prevented the formation of

torrents ; re-planting woods led to the drying up of torrents already

formed ; but in most cases turfing, alone, was suflScient to produce

the same eff"ect.

M. Cezanne, in writing of what he calls the Mecanisme de Vlnonda-

tion, remarks that the rain as soon as it has fallen becomes divided

into three portions, the first of which, taken up again by evaporation

returns into the atmosphere to be formed into new showers • the

second, after infiltration into the soil, appears again at a lower level

in the form of springs, when it loses not itself in the deeper
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reservoirs, whence it is made to project itself by artisian wells ;

finally, the remainder flaws away by a thousand streamlets towards

the thalweg, feeding the brooks, and streams, and rivers.

But these portions do not stand to each other in any definite pro-

portion. Their relative importance varies not only, between one

water-course and another, with the nature of the ground, according

as this may be more or less favourable to the flow, or to the infil-

tration, but also in the case of the same water-course according as

the season restrains or promotes evaporation. In summer the drier

soil and warmer air are more greedy ; they drink up or absorb the

waters ; in winter the moist air and damp ground allow the sheet of

rainfall to flow away.

The only general and certain law is that over the area of the river's

basin these are complemental to one another, their sum is equal to

the quantity of rainfall. And if, for example, after evaporation has

taken away its portion, the infiltration be complete, the flow will be

nought.

It is the infiltration which is here brought under consideration.

Following out this division he says that it is by springs that the

permeability of the soil may be said to be revealed to us, and if their

regime be connected with meteorology, their existence depends on

geological conditions. And in illustration he says :

—

" Mount Ventoux—separated fx-om the Mps by deep valleys, and

isolated on all sides,—is a mass of very permeable cleft limestone,

resting on an impermeable base which slopes toward the south-east.

So constructed, the mountain is a veritable filter, through which the

rain disappears at once ; and excepting in the cases of any violent

storms of rain, the superficial ravines are always dry. The sub-

terranean waters protected from evaporation descend slowly by the

internal fissures of the rock, and stopped at last by the impermeable

bed, they are directed towards the south-east, and flow out in springs

and streams sufficiently powerful to give motion to water-mills.

" The fine fountain of Vaucluse owes its origin to analogous

circumstances : it is a veritable river, which is formed as other rivers

are by the means of a great many imperceptible tributaries ; but it

presents this peculiarity, that its basin instead of being open to the

vault of heaven, is subterranean, and covered by a great thickness of

permeable limestone. The area of the basin is nearly 100,000

hectares, * the delivery of the fountain is at low water from 10 to 12

* Boumer, Annalet du Fonts et Chaussees. (1856, p. 367.)
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cubic metres, 300 to 350 cubic feet, that is almost the sixth part of

the Seine.* The Eiire, the basiu of whioh is in extent six times that

of the fountaia of Vaucluse, gives no more water than this at low

water.

" What a difference there is between the climate of Provence and

that of Normandy ! In Provence the evaporation might carry ofiF three

or four times as much water as the rain supplies ; the greater part of

the water-courses there are dried up in summer, and the plains of the

Camargue, notwithstanding inundations and irrigation, are covered

with saline inflorescence. If then, under this climate, the source of

the Vaucluse is so constant and so abundant, it is because its basin

being, as is the case with all sources, subterranean, the water which

has once penetrated the ground is there sheltered against evaporation."

Now, turning to the consideration of forest lands, we find that,

besides the desiccating of swampy land by evaporating through the

stomates of the leaves the moisture taken up by the rootlets, another

effect of the growth of trees is to desiccate the superficial soil by

aiding the water which it receives to descend along its roots to a

lower level, whence it is less likely to be carried off quickly by
evaporation.

" The roots of vegetables," says d'Hericourt, in a passage which is

quoted by Marsh, " perform the office of draining in a manner

analogous to that artificially practised in parts of Holland and the

British Islands. The method consists in driving deeply down into

the soil several hundred stakes to the acre ; the water filters down
along the stakes, and in some cases as favourable results have been

obtained by this means as by horizontal drains."

And by Marsh it is remarked :
—

" It is an important observation

that the desiccation of trees by way of drainage, or external conduc-

tion by the roots, is greater in the artificial than in the natural wood

and hence that the surface of the ground in the former is not char-

acterised by that approach to the state of satui-ation which it so

generally manifests in the latter. In the spontaneous wood the

leaves, fruits, bark, branches, and dead trunks, by their decayed

material, and by the conversion of rock into loose earth, through the

solvent power of the gases they develope in decomposition, cover the

ground with an easily penetrable matter extremely favourable to the

* On the 12th August, 1858, the Seine was lower than had been observed for a
hundred and fifty-six years before. The gauging that day gave a delivery of 48 cubic

mfetres per second. The ordinary low water of the Seine is from 75 to 80 mfetres.

Belgrand, Annates des Fonts et Chaussies. (1858 t. ii p. 222.)
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growth of trees, and at the same time too retentive of moisture to

part with it readily to the capillary attraction of the roots.

" The trees, finding abundant nutriment near the surface, and so

sheltered against the action of the wind by each other as not to need

the support of deep and firmly fixed stays, send their roots but a

moderate distance downwards, and indeed often spread them out like

a horizontal network almost on the surface of the ground.

" In the artificial wood, on the contrary, the spaces between the

trees are greater ; they are obliged to send their roots deeper, both

for mechanical support and in search of nutriment, and consequently

serve much more effectually as conduits for perpendicular drainage."

If attention be given to the mode of growth in roots and rootlets,

it may be seen how it comes to pass that the fact is as stated by

Mr Marsh.

The root does not bore its way into and through the soil it

enters, but it is prolonged, as is the line of dominoes by the players

with these. The extreme cells, and probably the extreme cells only,

or chiefly, multiply in the spongioles in accordance with the usual

mode of cell genesis by the formation of cells within cells, and that

in proportion as thoy are supplied with nutriment ; and if this

multiplication of cells occasion a pressure in all directions, it tends

more to the extension of the root than to what may be called the up

rooting of the tree. The direction of growth appears to be to whence

chiefly come the supplies of nutriment, or material of growth.

Where this is found on the level reached the roots extend. Where it

is found in the soil below them they descend. Where it is found in

th3 soil above them they ascend. I have had reported to me a case

of roots extending towards a ditch, descending by the side of this,

changing then their course so as to pass beneath it, ascending then

on the further side till they came near the surface, and then spreading

horizontally as at first.

I have often heard of roots growing towards a quantity of assimilate-

able material as if guided by instinct ; and I am given to understand

that in willows by a stream there is generiilly a much more copious

growth of roots on the side towards the stream than on the other

sides around. Roots of forest trees are often prevented from descend-

ing by planting them above a flat stone, which cuts otf supplies ; and

roots of fig-trees growing upon rocks follow and penetrate every crack

and crevice where, and where alone, they find nutriment.

Thus may the downward growth of roots of planted trees be ac-
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counted for, nnd the horizontal growth of roots of trees in a forest,

when such phenomena are seen; and by this downward growth of the

roots of phmted trees may the descent of water to the subsoil be

promoted, there to be reserved against a day of need, converting the

subsoil into a reservoir of water, which, raised by evaporation by heat,

would moisten the superincumbent soil, promote vegetation, and

pass again through the stomates of the leaves into the atmosphere,

—

again to be precipitated and absorbed by the soil instead of flowing

off to the sea, to be logt in that abyss which never says it is

enough !—the springs and fountains and river sources being to us

significant of the greatness of the quantity of water which ia thus

retained.

In view of all that has been advanced, it appears that trees

by their growth, the extent of their I'ootage, and the decay and de-

composition of their foliage and debris, tend to increase the proportion

of the I'ainfall which is preserved by infiltration, and to utilise for the

promotion of vegetation, a larger portion of what is thus retained

than otherwise would be so utilized.

The depth at which evaporation ceases must vary with the

temperature, humidity of the atmosphere and character of the soil.

Some interesting observatisns on this point are recorded by .Johnstrus,

in a work entitled Om Fugtighedens Bevaegelese i den naturlige Jord-

hund, published in Copenhagen in 1866. He found in the neighbour-

hood of Copenhagen that there, at the depth of a m^tre and a half

(59 inches) the effects of rain and evaporation were almost impercep-

tible, and became completely so at a depth of from two to three

metres. (6| to 10 feet.

Sect. V.

—

Secondare/ Effects of Trees in Arresting the Flow and

Escape of the Rainfall, and, thus eqitalizing to some extent

the Flow of Rivers.

While rivers in their sources indicate to us that the quantity of

water retained by the earth after a copious fall of rain, by the infil-

tration of a portion of this into the soil, must be very great—even

these being composed of what is only the drainage of the quantity in

excess of what the ground can retain—rivers in their flood indicate

that the portion of the rainfall can-ied away by ruissellement, or

by flowing away over the surface of the ground, must also be great.

It may be noted that of what is retained by infiltration a great

deal may be utilized by vegetation ; and that of what is in excess of

2a
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this and is carried off, feeding springs and fountains, and streams, the

saddest thing that can be said is that it is lost, though this can only

be said with a show of truth of that portion of it which is lost in the

sea ; but of what is carried otf by ruisseUem-'nt comparatively little is

utilized ; a much greater proportionof it finds its way to the sea, and

this in rushing thither often carries with it devastation and destruc-

tion.

According to the statements I have cited from Surell, evaporation,

infiltration, and ruissellement, are equal in their sum to the quantity

of the rainfall, and if after evaporation has taken up its part the in-

filtration be complete, the ridssellement will be nil.

To the negative good which might thus be doue, or damage which

might thus be prevented, and the effect of trees in doing these, by

equalizing to some extent the flow of rivers, would I next draw

attention.

In connection with a statement made iu the preceding section,

relative to the effect of the destruction of forests upon the Durance,

reference was made to the important circumstance that while the

river is confined to a current little more than thirty feet in width,

the bed in some places exceeds a mile and a quarter in breadth, and

80 far back as 1789 it was computed that it had covered an area of

not less than 130,000 acres with gravel and pebbles; and it was

intimated that thus was brought before us another of the effects of

forests, or rather of the destruction of forests, which would be sub-

sequently brought under discussion.

Mr Marsh, writing on this subject, says :
" The traveller who visits

the depth of an Alpine ravine, observes the length and width of the

gorge, and the great height and apparent solidity of the precipitous

walls which bound it, and calculates the mass of rock required to fill

the vacancy, can hardly believe that the humble brooklet which

purls at his feet has been the principal agent in accomplishing this

tremcndjus erosion. Closer observations will often teach him that

the seemingly unbroken rock which overhangs the valley is full of

cracks and fissures, and really in such a state of disintegration that

every frost must bring down tons of it. If he compute the area of

the basin, which finds here its only discharge, he will perceive that

a sudden thaw of the winter's deposit of snow, or one of those terrible

discharges of rain so- common in the Alps, must send forth a deluge

mighty enough to sweep down the largest masses of gravel and of rock.

The simple measurement of the cubical contents of the semicircular
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hillock which he climbed before he entered the gorge, the atructure

aud compositiou of which conclusively show that it must have been

washed out of this latter by torrential action, will often account

satisfactorily for the disposal of most of the matter which once filled

the ravine.

" When a torrent escapes from the lateral confinement of its moun-

tain walls and poui'S out of the gorge, it spreads and divides itself

into numerous smaller streams, which shoot out from the mouth of

the ravine as from a centre, in different directions, like the ribs of a

fan from the pivot, each carrying with it its quota of stones and

gravel. The plain below the point of issue from the mountain is

rapidly raised by newly-formed torrents, the elevation depending on

the inclination of the bed and the form and weight of the matter

transported. Every flood both increases the height of this central

point and extends the entire circumference of the deposit,

" Other things being equal, the transporting power of the water is

greatest where its flow is most rapid. This is usually in the direction

of the axis of the ravine. The stream retaining most nearly this

direction moves with the greatest momentum, and consequently

transports the solid matter with which it is charged to the greatest

distance.

" The untravelled reader will comprehend this the better when he

is informed that the southern slope of the Alps generally rises suddenly

out of the plain, with no intervening hill to break the abruptness of

the transition, except those consisting of comparatively small heaps

of its own debris brought down by ancient glaciers or recent torrents.

The torrents do not wind down valleys gradually widening to the

rivers or the sea, but leap at once from the flanks of the mountains

upon the plains below. This arrangement of surfaces naturally

facilitates the formation of vast deposits at their points of emergence,

and the centre of the accumulation in the case of very small torrents

is not unfrequently a hundred feet high, and sometimes very much
more.

" The deposits of the torrent which has scooped out the Nantzeu

Thai, a couple of miles below Brieg in the Valais, have built up a

semicircular hillock, which most travellers by the Simplon route joass

over without even noticing it, though it is little inferior in dimensions

to the great cones of dejection described by Blanqui. The principal

course of the torrent having been—I know not whether spontaneously

or artificially—directed towards the west, the eastern part of the hill

has been gradually brought under cultivation, and there are many
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trees, fields, and houses upon it ; but the Lirger western part is

furrowed with chaunels divergiug from the summit of the deposit at

the outlet of the Xautzeu Thul, which serve as the beds of the water

courses into which the torreut has divided itself. All this portion of

the hillock is subject to iiumdation after long aud heavy rain, and as

I saw it in the great tlood of October, 1866, almost its whole surface

seemed covered with an unbroken sheet of rushing water.

" The semi-couical deposit of detritus at the mouth of the Litzner-

thal, a lateral branch of the valley of the Adige, at the point where

the torrent pours out of the gorge, is a thous.ind feet high aud,

measuring along the axis of the principal current, two and a half

miles lung. The solid material of this hillock—which it is hardly an

exaggeration to call a mountain, the work of a single insignificant

torrent and its tributaries—including what the river which washes its

base has carried otf in a comparatively few years, probably surpasses

the mass of the stupendous pyramid of the Matterhorn.

" In valleys of ancient geological formation, which extend into the

very heart of the mountains, the streams, though rapid, have often

lost the true torrential character, if, indeed, they ever possessed it.

Their beds have become approximately constant, aud their walls no

longer crumble and fall into the waters that wash their bases. The

torrent-worn ravines, of which I have spoken, are of later date, and

belong more properly to what may be called the crust of the Alps,

consisting of loose rocks, of gravel, and of earth, strewed along the

surface of the great declivities of the central ridge, and accumulated

thickly between the solid buttresses. But it is on this crust that

the mountaineer dwells. Here are his forests, here his pastures, and

the ravages of the torrent both destroy his world, and convei't it into

a source of overwhelming desolation to the plains below.

'\1 do not mean to assert that all the rocky valleys of the Alps

have been produced by the action of torrents resulting from the

destruction of the forests. The greater, and many of the smaller

channels by which that chain is drained owe their origin to higher

causes. There are primitive fissures, ascribable to disruption in up-

heaval or other geological convulsion, widened aud scarped, and

often even polished, so to speak, by the action of glaciers during the

ice period, and but little changed in form by running water in

later eras.

" It has been contended that all rivers which take their rise in

these mountains originated in torrents. These, it is said, have

lowered the summits by gradual erosion, and with the material thus
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derived have formed bhoals in the sea which once beat against the

cliffs ; then, by successive deposits, gradually raised them above the

surface, and finally expanded them into broad plains traversed by

gently flowing streams. If we could go back to earlier geological

periods, we should find this theory often verified ; and we cannot fail

to see that the torrents go on, at the present hour, depressing still

lower the ridges of the Alps and the Apennines, raising still higher

the plains of Lombai-dy and Provence, extending the coast still

farther into the Adriatic and the Mediterranean, reducing the

inclination of their own beds and the rapidity of their flow, and thus

tending to become river-like in character.

" We cannot measure the share which human action has had in

augmenting the intensity of causes of mountain degradation, and of

the formation of plains and marshes below, and we know that the

clearing of the woods has, in some cases, produced, within two or

three generations, effects as blasting as those generally ascribed to

geological convulsions, and has laid waste the face of the earth more

hopelessly than if it had been buried by a current of lava or

a shower of volcanic sand. New torrents are forming every year

in the Alps. Tradition, written records, and analogy concur to

establish the belief that the ruin of most of the now desolate valleys

in those mountains is to be ascribed to the same cause, and

authentic descriptions of the irresistible force of the torrent show

that, aided by frost and heat, it is adequate to level Mont Blanc

and Monte Rosa themselves, unless new upheavals shall maintain

their elevation.

" There are cases where torrents cease their ravages of themselves

in consequence of some change in the condition of the basin where

they originate, or of the face of the mountain at a higher level, while

the plain of the sea below remains in substantially the same state as

before. If a torrent rises in a small valley containing no great

amount of earth and of a disintegrated or loose rock, it may, in the

course of a certain period, wash out all the transportable material,

and if the valley is then left with solid walls, it will cease to furnish

debris to be carried down by floods. If, in this state of things, a new

channel be formed at an elevation above the head of the valley, it

may divert a part or even the whole of the rain-water and melted

snow which would otherwise have flowed into it, and the once furious

torrent now sinks to the rank of a humble and harmless brooklet.

' In traversing this department,' says Surell, ' one often sees, at the

outlet of a gorge, a flattened hillock, with a fan-shaped outline and
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regular slops ; it is the bed of dejection of an ancient torrent. It

sometimes requires long and cai'eful study to detect the primitive

form, masked as it is by groves of trees, by cultivated fields, and

often by houses, but, when examined closely, and from different

points of view, its characteristic figure manifestly appears, and its

true history cannot be mistaken. Along the hillock flows a streamlet,

issuing from the ravine, and quietly watering the fields. This was

originally a torrent, and in the back ground may be discovered its

mountain basin. Such extinguished torrents, if I may use the

expression, are numerous."

The quotation is from Etude sur les Torrents des Hautes Alpes, by

Surell (Chap, xxiv.), and Mr Marsh adds in a foot-note:—"In such

cases, the clearing of the ground, which, in consequence of a temporaiy

diversion of the waters, or from some other cause, has become re-

wooded, sometimes renews the ravages of the torrent. Thus, on

the left bank of the Durance, a wooded declivity had been formed by

the debris brought down by torrents, which had extinguished them-

selves after having swept off much of the superficial strata of the

mountain of Morgon. 'All this district was covered with woods,

which have now been thinned out and are perishing from day to day
;

consequently, the tox-rents have recommenced their devastations, and

if the clearings continue, this declivity, now fertile, will be ruined,

like so many others.'
"

And resuming, he goes on to say :
—" But for the intervention of

man and domestic animals, these latter beneficent revolutions would

occur more frequently, and proceed more rapidly. The now scarped

mountains, the hillocks of debris, the plains elevated by sand and

gravel spread over them, the shores freshly formed by fluviatile

deposits, would clothe themselves with shrubs and trees, the intensity

of the causes of degradation would be diminished, and nature would

thus regain her ancient equilibrium. But these processes, under

ordinary circumstances, demand, not years, or generations, but

centuries ; and man, who even now finds scarce breathing-room on

this vast globe, cannot retire from the Old World to some yet undis-

covered continent, and wait for the slow action of such causes to re-

place, by a new creation, the Eden he has wasted."

In a foot-note he adds :—" Where a torrent has not been long in

operation, and earth still remains mixed with the rocks and gravel it

heaps up at its point of eruption, vegetation soon starts up and

prospers, if protected from encroachment. In Provence, ' several

communes determined, about ten years ago, to reserve the soils thus
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vegetation, which was not slow in making its appearance.'
"

Mr Marsh next treats thus of two subjects intimately connected,

the crushing effects of torrents, and tlie transporting power of water :

—" I must here notice a mechanical effect of the rapid flow of the

torrent, which is of much importance in relation to the desolating

action it exercises by covering lai'ge tracts of cultivated ground with

infertile material. The torrent, as we have seen, shoots or rolls

forward, with great velocity, masses and fragments of rock, and

sometimes rounded pebbles from more ancient formations. Every

inch of this violent movement is accompanied with crushing con-

cussion, or, at least, with great abrasion of the mineral material, and,

as you follow it along the course of the waters which transport it,

you find the stones gradually rounding off in form, and diminishing in

size, until they pass successively into gravel, and, in the beds of the

rivers to which the torrents convey it, sand, and lastly impalpable

slime.

" There are few operations of nature where the effect seems more

disproportioned to the cause than in this crushing and comminution

of rock in the channel of swift waters. Igneous rocks are generally

so hard as to be wrought with great difficulty, and they bear the

weight of enormous superstructures without yielding to the pressure
;

but to the torrent they are as wheat to the millstone. The streams

which pour down the southern scarp of the Mediterranean Alps along

the Riviera di Ponente, near Genoa, have short courses, and a brisk

walk of a couple of hours, or even less, takes you from the sea-beach

to the headspring of many of them. In their heaviest floods, they

bring rounded masses of serpentine quite down to the sea, but at

ordinary high water their lower course is charged only with finely

divided particles of that rock. Hence, while near their sources their

channels are filled with pebbles and angular fragments, intermixed

with a little gravel, the proportions are reversed near their mouths,

and, just above the points where their outlets are partially choked

by the rolling shingle of the beach, their beds are composed of sand

and gravel to the almost total exclusion of pebbles.

" Guglielmini argued that the gravel and sand of the beds of run-

uing streams were derived from the trituration of rocks by the action

of the currents, and inferred that this action was generally sufficient

to reduce hard rock to sand in its passage from the source to the

outlet of rivers. Frisi controverted this opinion, and maintained
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that river-sand was of more ancient origin, and he inferred from

experiments in artificallj-grinding stones that the concussion, friction,

and attrition of rock in the channel of running waters were inadequate

to its comminution, though he admitted that these same causes might

reduce silicious sand to a fine powder capable of transportation to the

sea by the currents. Frisi's experiments were tried upon rounded

and polished river-pebbles, and prove nothing with regard to the

action of torrents upon the irregular, more or less weathered, and

often cracked and shattered rocks which lie loose in the ground at

the head of mountain valleys. The fury of the waters and of the

wind which accompanies them in the floods of the French Alpine

torrents is such, that large blocks of stone are hurled out of the bed

of the stream to the height of twelve or thirteen feet. The impulse

of masses driven with such force overthrows the most solid masonry,

and their concussion cannot fail to be attended with the crushing of

the rocks themselves.

" The greatest length of the basin of the Ard^che is seventy-five

miles, but most of its tributaries have a much shorter course. •' These

affluents,' says Mardigny, ' hurl into the bed of the Ardfeche enormous

blocks of rock, which this river, in its turn, bears onwards, and grinds

down, at high water, so that its current rolls only gravel at its con-

fluence with the Rhone.'

" Duponchel makes the following remarkable statement :
' The river

Herault rises in a granitic region, but soon reaches calcareous forma-

tions, which it traverses for more than sixty kilometres, rolling

through deep and precipitous ravines, into which the torrents are

constantly discharging enormous masses of pebbles belonging to the

hardest rocks of the Jurassian period. These debris, continually

renewed, compose, even below the exit of the gorge where the river

enters into a regular channel cut in a tertiary deposit, broad beaches

prodigious accumulations of rolled pebbles, extending several kilome-

tres down the stream, but they diminish in size and weight so rapidly

that above the mouth of the river, which is at a distance of thirty of

thirty-five kilometres from the gorge, every trace of calcareous matter

has disappeared from the sands of the bottom, which are exclusively

silicious.'

" Similar effects of the rapid flow of water and the concussion of

stones against each other in river-beds may be observed in almost

every Alpine gorge which serves as the channel of a swift stream.

The tremendous cleft through which the well-known Via Mala is

carried receives, every year, from its own crumbling walls and fi-om
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the Hinter Rhein and its mild tributaries, enormous quantities of

rock, in blocks and boulders. In fact, the masses hurled into it in a

single flood like those of 1868 would probably fill it up, at its narrow-

points, to the level of the road 400 feet above its bottom, were not

the stones crushed and carried ofi" by the force of the current. Yet

below the outlet at Thusis only small rounded boulders, pebbles, and

gravel, not rock, are found in the bed of the river. The Swiss

glaciers bring dowo. thousands of cubic yards of hard rock every

season. Where the glacier ends in a plain or wide valley, the rocks

are accumulated in a terminal moraine, but in numerous instances

the water which pours from the ice-river has force enough to carry

down to larger streams the masses delivered by the glacier, and there

they, with other stones washed out from the earth by the current,

are ground down, so that few of the affluents of the Swiss lakes

deliver into them anything but fine sand and slime.

" Great rivers carry no boulders to the sea, and, in fact, receive

none from their tributaries. Lombardini found, twenty years ago,

that the mineral matter brought down to the Po by its tributaries

was, in general, comminuted to about the same degree of fineness as

the sands of its bed at their points of discharge. In the case of the

Trebbia, which rises high in the Apennines and empties into the Po

at Placenza, it was otherwise, that river I'oUing pebbles and coarse

gravel into the channel of the principal stream. The banks of the

other affluents—excepting some of those which discharge their waters

into the great lakes—then either retained their woods, or had been so

long clear of them that the torrents bad removed most of the disin-

tegrated and loose rock in their upper basins. The valley of the

Trebbia had been recently cleared, and all the forces which tend to

the degradation and transportation of rock were in full activity." Of

the ti-ansporting power of water he writes :
" The geographical efifects

of the action of torrents are not confined to erosion of earth and com-

minution of rock ; for they and the rivers to which they contribute

transport the debris of the mountains to lower levels, and spread them

out over the dry land and the bed of the sea, thus forming alluvial

deposits, sometimes of a beneficial, sometimes of an injurious,

character, and of vast extent.

" A mountain rivulet swollen by rain or melted snow, when it

escapes from its usual channel and floods the adjacent fields, naturally

deposits pebbles and gravel upon them
; but even at low water, if, of

course, it is long enough for its grinding action to have full scope, it

transports the solid material with which it is charged to some larger

2b
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stream, and there lets it fall in a state of minute division, and at last

the spoil of the mountain is used to I'aise the level of the plains, or

is carried down to the sea.

"An instance that fell under my own observation, in 1857, will

serve to show something of the eroding and transporting power of

streams which, in these respects, fall incalculably below the torrents

of the Alps. In a flood of the Ottaquechee, a small river which flows

through Woodstock, Vermont, a mill-dam on that stream burst, and

the sediment with which the pond was filled, estimated after careful

measurement at 13,000 cubic yards, was carried down by the current.

Between this dam and the slackwater of another, four miles below,

the bed of the stream, which is composed of pebbles, interspersed in

a few places with larger stones, is about sixty-five feet wide, though,

at low water, the breadth of the cun-ent is considerably less. The

sand and fine gravel were smoothly and evenly distributed over the

bed to a width of fifty-five or sixty feet, and, for a distance of about

two miles, except at two or three intei-vening rapids, filled up all the

interstices between the stones, covering them to the depth of nine or

ten inches, so as to present a regularly formed concave channel, lined

with sand, and reducing the depth of water, in some places, from five

or six feet to fifteen or eighteen inches. Observing this deposit after

the river had subsided and become so clear that the bottom could be

seen, I supposed that the next flood would produce an extraordinary

erosion of the banks and some permanent changes in the channel of

the stream, in consequence of the elevation of the bed and the filling

up of the spaces between the stones through which formerly much
water had flowed ; but no such result followed. The spring freshet

of the next year entirely washed out the sand its predecessor had

left, deposited some of it in ponds and still-water reaches below,

carried the residue beyond the reach of observation, and left the bed

of the river almost precisely in its former condition, though, of

course, with the displacement of the pebbles which every flood

produces in the channels of such streams. The pond, though often

previously discharged by the breakage of the dam, had then been un-

disturbed for about twenty-five years, and its contents consisted

almost entirely of sand, the rapidity of the current in floods being

such that it would let fall little lighter sediment, even above an

obstruction like a dam. The quantity I have mentioned evidently

bears a very inconsiderable proportion to the total erosion of the

stream during that period, because the wash of the banks consists

chiefly of fine earth rather than of sand, and after the pond was once
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filled, or nearly so, even this material could no longer be deposited in

it. The fact of the complete removal of the deposit I have described

between the two dams in a single freshet, shows that, in spite of con-

siderable obstruction fi'om roughness of bed, large quantities of sand

may be taken up and carried off by streams of no great rapidity of

inclination ; for the whole descent of the bed of the river between

the two dams—a distance of four miles—is but sixty feet, or fifteen

feet to the mile.

" The facts which I have adduced may aid us in forming an idea of

the origin and mode of transportation of the prodigious deposits at

the mouth of great rivers like the Mississippi, the Nile, the Ganges,

and the Hoang-Ho, the delta of which last river, composed entirely of

river sediment, has a superficial extent of not less than 96,500 square

miles. But we shall obtain a clearer conception of the character of

this important geographical process by measuring, more in detail, the

mass of earth and rock which a well-known river and its tributaries

have washed from the mountains and transported to the plains or the

sea, within the historic period."

The whole process of the disintegrating effects of the Po Mr Marsh

then details with clearness, and concludes :
—" Upon the whole, we

shall not greatly err if we assume that, for a period of not less than

two thousand years, the walls of the basin of the Po—the Italian

slope of the Alps, and the northern and north-eastern declivities of

the Apennines—have annually sent down into the lakes, the plains,

and the Adriatic, not less than 375,000,000 cubic yards of earth and

disintegrated rock. We have, then, an aggregate of 750,000,000,000

cubic yards of such material, which, allowing to the mountain surface

in question an area of 50,000,000,000 square yards, would cover the

whole to the depth of fifteen yards. There are very large portions

of this area, where, as we know from ancient remains—roads,

bridges, and the like—from other direct testimony, and from geo-

logical considerations, very little degradation has taken place within

twenty centuries, and hence the quantity to be assigned to localities

where the destructive causes have been most active is increased in

proportion.

" If this vast mass of pulverized rock and earth were restored to

the localities from which it was derived, it certainly would not

obliterate valleys and gorges hollowed out by great geological causes,

but it would reduce the length and diminish the depth of ravines of

later formation, modify the inclination of their walls, reclothe with

earth many bare mountain ridges, essentially change the line of
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junction between plain and mountain, and carry back a long reach

of the Adriatic coast many miles to the west.

" It is, indeed, not to be supposed that all the degradation of the

mountains is due to the destruction of the forests—that the flanks of

every Alpine valley in Central Europe below the snow-line were once

covered with earth and green with woods, but there are not many
particular cases in which we can, with certainty, or even with strong

probability, affirm the contrary."

There is thus brought under consideration a secondary effect of

trees in arresting the flow and escape of the rainfall, and so to some

extent equalizing the flow of rivers. How this is affected next

demands our attention.

As the evaporation, to which attention has been called, may be

considered as only a continuation of evaporation, begun so soon as

the rain-drop was formed in the atmosphere, so may the infiltration

and ruissellement be considered as only a continuation of the descent

by which, under the influence of gravitation, it fell ; but it is effected

under different conditions, and it presents different phenomena.

So soon as it falls part is absorbed by the hydroscopicity of the

soil, more, it may be, escapes by infiltration through the soil, and the

remainder flows over the surface to a lower level.

It may have been observed that on the footpath, or the rock, it

accumulates in pools, but not on the grass or turf of herbage, or field

of corn ; and on the bare ground, it may be seen flowing off" in runnels
;

but on the grassy turf the phenomenon is somewhat different. Even

on the declivity of a knoll, or on the declivity of a mountain side,

the grass arrests, divides and subdivides, and so retains the super-

ficial flow of the superabundant rainfall. In accordance with this is

the action of forests thereon.

The establishment of this fact has followed the study of the natural

history of Alpine torrents. In some of these the whole rainfall in a

mountain basin, rushing off impetuously to the sea, and undermining

the banks of its channel, carried off the detritus, and buried there-

with, it may be, fertile lands, and villages and towns beyond. The

destmctive effects thus produced in France called attention to the

subject nearly a century ago, and in 1793 there was published by M,

Fabre, a civil engineer, Essai sur la theorie des Torrents et des Riviers,

in which he alleges that the destruction of forests in the mountains,

and the uprooting of their stumps, had been the primary and the

secondary causes of the formation of these torrents, and had thus been
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the occasion of all the disasters accompanying or following these

torrents ; and he urged the abandonment or regulation of these pro-

ceedings, and the reboisement of the mountains, as means of arresting

and counteracting the evil.

The commotions occasioned by the revolution prevented full effect

being given to these views at that time, but some fifty years later a

work was published by M. Alex. Surell, entitled Etvde sur les Torrents

des Hautes Alpes, in which similar and more extended views of the

subject were advanced. This work was crowned by the Academy of

Sciences ; and it led to the commencement of extensive works of re-

boisement on the mountains of France. These have been prosecuted

with energy and success at great expense, but ungrudgingly,—the

result having proved cori-oborative of the principles upon which they

were undertaken. It is only as illustrative of the soundness of the

views upon which these were founded that they are now referred to
;

and here I can only bring forward statements of these views and prin-

ciples, with a passing notice of results illustrative of their truth.

M. Surell says :
" When we examine the lands in the midst of which

are scattered the torrents of recent origin, we see them to be in every

case stripped of trees and of every kind of arborescent vegetation.

On the other hand, when we look at mountain slopes which have been

recently stripped of woods, we see them to have been gnawed away

by innumerable torrents of the third class, which evidently can only

have been formed in later years.

" See then a very remarkable double fact : everywhere where there

are recent torrents there are no more forests : and wherever the soil

has been stripped of wood recent torrents have been formed ; so that

the same eyes which have seen the forest felled on the slope of a

mountain have there seen incontinently a multitude of torrents."

And again, " In examining the basins drained by great extinct

torrents, there are almost always found there forests, and often dense

forests. There may be observed also, along wooded revers, a number

of small torrents of the third class, which appear as stifled under the

mass of vegetation, and are completely extinct. Now this second

observation, which can be vei'ified by a multitude of examples,

supplies a demonstration of a fact of which the first only permitted

us to entei'tain a suspicion in a vague way :—it is, that the forests

are capable of bringing about the extinction of a torrent already

formed. Indeed, it is impossible to admit that the small torrents,

dug for the most part in mobile and friable ground, can have died of
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themselves, so to speak, in their very birth, and through the effect

alone of that equilibrium to which reference has already been made.
*' Stability cannot establish itself so speedily on beds which are

scarcely formed, and in the midst of lands which offer still so much
food for erosion by the waters ; it is a work which demands time, and

which is never entirely consummated until the mountain has been

gnawed away to the quick, to its last ridge.

" Amongst the great number of extinct torrents, of which the

basins are wooded, there are some, the forests of which have been

subjected to the commune regime, and have fallen in part under the

axe of the inhabitants. Very well, the result of this destruction of

trees has been to rekindle the violence of the torrents, which only

slumbei'ed. There have been seen thus peaceful streams give place

to furious torrents, which the fall of the wood had re-awakened from

their long sleep, and which vomited forth new masses of dejection on

beds of deposit, which had been cultivated without suspicion from

time immemorial. This is what has been remarked more especially

after the excessive destruction of woods which followed the first years

of the Revolution ; the devastations of many gi-eat torrents only date

from this epoch."

And once more, " This last fact completes all that need be said in

regard to the influence of forests. In seeming these show themselves

almost eveiywhere on the body of extinct ton-ents, one may suppose

that these had first died, and that the woods had then seized upon

them when the extinction had been completed, and when the soil of

the neighbourhood became stable, permitted vegetation to develop

itself in safety : the forest would then only have been one of the

effects of the extinction of these, instead of being the cause of it.

But then the destruction of the woods would only have restored

things to their primitive state, and the torrents ought to have been

able to continue extinct after the taking away of the woods as it was

before their appearance there—and this is exactly what does not

happen. It has sufficed to clear away the woods to see the devasta-

tions immediately reappear. It must be then the forests which, by

their permanent appearance on the soil, hindered the devastations,

and it is the forests, in taking possession of the soil, which have

caused them to cease—and the extinction of the torrents is so com-

pletely their work that it begins, continues, and disappears with

them, the effect ceasing immediately with the cause.

" One sees by this that the action of forests is not confined to pre-

venting the creation of new torrents, but that it is sufficiently
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energetic to destroy toi-rents already formed. One sees also that the

injurious result of the removal of woods is not only to open every

where the soil to new torrents, but that it augments the violence of

those which exist, and resuscitates those which appear completely

extinct. We may then sum up the influence which forests exercise

on toi'rents already formed on two facts, parallel to those which sum
up their influence on lands where the torrents have not yet appeared.

(1.) The presence of a forest on a soil prevents the formation of a

torrent there. (2.) The destruction of forests leaves them subject to

become the prey of torrents. Nor is there in this any thing for

which we may find it diflficult to account."

He proceeds then to explain the modus operandi whereby forests

produce such eft'ects :
" When the trees fix themselves in the soil the

roots consolidate this, interlacing it with a thousand fibres; their

branches protect it, as would a buckler, againet the shock of the

heavy rains ; and their trunks, and at the same time suckers,

brambles, and that multitude of shrubs of all kinds which grow at

their base, oppose additional obstacles to the currents which would

tend to wash it away. The eff'ect of all this vegetation is thus to

cover the soil, in its nature mobile, with an envelope more solid and

less liable to be washed away. Besides, it divides the currents and

disperses them over the whole surface of the ground, which keeps

them from going off in a body in the lines of the thalweg and meet-

ing there, which would be the case if they flowed freely over the

smooth surface of a denuded ground. Finally, it absorbs a portion

of the water which is imbibed in the spongy humus, and so far it

diminishes the sum of the washing away forces.

"It follows from this that a forest, in establishing itself on a

mountain, actually modifies the surface of the ground, which alone is

in contact with atmospheric agents, and all the conditions find them-

selves then modified as they would be if a primitive formation had
been substituted for a formation totally different. Whence it is not

more astonishing to see the same soil alternately cut up or free from

torrents, according as it is despoiled or clothed with forests, than it

is astonishing to see torrents cease when we come to primitive

formations, or reappear suddenly on friable limestone.

" In accordance with this we find—first, the development of forests

brings about the extinction of torrents ; second, the destruction ot

forests redoubles the violence of torrents, and may even cause them
to reappear. And nothing is more easy than to explain these new
actions. It will be remembered what are the causes which call forth
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and maintain the violence of torrents : it is, on one hand, the friability

of the soil ; and, on the other, the sudden concentration of a great

mass of water. Now, we know already that the forests render the

soil less liable to be washed away ; we know also that they absorb

and retain a portion of the rainfall, and prevent instantaneous con-

centration of the portion which they do not absorb. Consequently

they destroy both the one and the other cause. They prolong the

dui'ation of the flow, and they render the floods at once more pro-

longed, less sudden, and less destructive.

" It may be understood from this how forests, in invading the

bassins de reception, may have contributed powerfully to stifle certain

torrents. Whilst the waters were ci'eating for themselves the most

convenient slopes, the forests were retaining the soil which was ready

to go, were rendering it more solid, were consequently diminishing

the mass of earth washed away, and above all were opposing them-

selves to the concentration of currents. They were augmenting all

the resisting, all the existing obstacles, and were diminishing all the

motive powers ; and they were coming thus to hasten by a double

efficacy that epoch of stability in which the force of the waters would

find itself in equilibrium with the resistance of the soil. There is

one circumstance which ought to render their triumph still more

speedy,—it is, that the torrent, in proportion as it is enfeebled,

abandons to them a soil more and more stable and favourable to

vegetation, in such a way that this augments every day their forces

in proportion as the torrent loses force. In fact, if the expression

may be allowed, it is reinforced by the eff'ect.

" By this I do not mean to say that the torrents can never become

extinct of themselves. That would be in contradiction to what I have

said, and at the same time to facts observed, for there are examples

of torrents being extinguished without the presence of forests, and

solely through the erosion of the mountains—as, for instance, the

torrent of Saint Joseph, near Monestier. But I say that the forests

expedite the accomplishment of this effect, and that they can produce

it where the other circumstances are not yet producing it.

" Thus nature, in summoning forests to the mountains, places the

remedy side by side with the evil. She combats the active forces of

the waters ; to the invasions of the torrents she opposes the aggressive

conquests of vegetation. On those mobile revers she spreads a solid

layer which protects them against external attack, somewhat in the

maimer that a facing of stone protects an earthen embankment. It

is worthy of remark that the little cohesion of limestones, whioh is
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opposed to the fixing of grounds, which renders them so mobile, and

draws torrents thither, is precisely the quality which renders them

ftivourable to the development of vegetation. The same cause which

multiplies the torrents ought then to multiply also the robust forests,

and to cause productiveness succeed in the long run to barrenness,

and stability to disoi'der; not that, strictly speaking, there can be

in nature anything otherwise than orderly, for there is nothing which

is not subject to the rule of immutable laws, but in popular phrase

the term disorder has also its meaning.

" One is struck with the illustrations of the observation which has

just been made in going over certain forests in these mountains. One

sees the vegetation doubling its profusion and energy in grounds torn

by ravines, and crumbling on all hands, as if it were mustering its

last efforts to retain a soil escaping from it. To cite one example :

in the forest of Boscodon may be seen the vigour and tenacity of the

vegetation contending against a friable soil composed of schist, tufa,

and gypsum. It is, in fact, the lands which are the most mobile

which ai-e at the same time the most fertile, and the hard rocks on

which vegetation has no hold, brave also the effort put forth by all

the causes of destruction. The mountains, if they were abandoned

quite naked to external influence, would soon be levelled or cut up

into bits, and they would offer to man nothing but a heap of cleft

rocks, uncultivated and uninhabited.

" It is vegetation which prevents this ruin ; and as there can be no

vegetation without water, it is on the mountains that nature has poured

out the water in the greatest profusion. We have already called

attention to the remark, that there falls more rain on the mountains

than on the plains. The mountains attract and retain the clouds [?].

Snows and glaciers crown their summits as immense reservoirs, whence

trickles out a perpetual moisture, and whence flow innumerable

streamlets which fertilize their sides, and distribute fertility, from

brow to brow, down to the very depth of the valleys. Thus, the

waters which are the most energetic means of destroying the soil are

at the same time the most active in its conservation. In drawing on

vegetation, they preserve the soil against their own attacks, and the

more they have of power to destroy, the more vegetation they cause

to spring up to preserve. It is in this way that nature imposes on

all her forces moderators which counterbalance them and keep them
from acting always in the same way ; and this must end in bringing

everything to a state of restored peace."

After dwelling on the thought of self-adjusting provision for the

2o
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natural extinction of torrents, he, in something hke a burst of en-

thusiasm, gives expression to his feelings in view of the thorough

and efficient way in which torrents had naturally become extinct, and

of the contrast thus presented to the puny endeavours of man to

restrain their ravages : the natural and the artificial ; God's way of

doing it, and man's way of doing ; the work of God and the work of

man ; and the results : success, perfect and complete ; and success,

partial and imperfect

!

" Let us go back for a moment," says he, " and compare these

effects of vegetation with those exercised by the different systems of

defence hitherto devised. The result of defences like that of vegetation

is to an-est the ravages of torrents ; and how powerless appear all

embankments by the side of those great and powerful means which

nature employs when man ceases to oppose her, and when she patiently

prosecutes her work throughout a long series of ages ! All our paltry

works are nothing but defences, as their name indicates ; they do not

diminish the destructive action of the waters, they only keep it from

spreading beyond a certain boundary. They are passive masses

opposed to active forces ; obstacles, inert and decaying, opposed to

living powers, which always attack, and which never decay. Herein

is seen all the superiority of nature, and the nothiugaess of the artifices

devised by man.

" I make not here a barren compai'ison. I wish to let it be seen

that it is better to bridle the torreuts than to erect at great expense

masonries and earth-works, which will always be, whatever may be

done, expensive palliatives, better adapted to conceal the plague than

to eradicate it. Why then does not man ask assistance of those new

powers, the energy and efficacy of which are so clearly revealed to

him 1 Why does he not command them to do yet again, and that

under the directions of his own genius, that which they have already

done in times long gone by on so many extinct torrents, and that

under the prompting of nature alone 1"

In 1872 a sequel to this work by M. Surell was published by M.

Cezanne, Itigeneur des Fonts et Gluxusees, Rejyresentant des Hautes

Alpes d VAssemble Nationale. Referring to the phenomena of torrents

brought under review in that work by M. Surell, and in the Sequel

supplied by himself, M. Cezaune says :

—

" There may be given in a few words a reszcme of the whole series

of these phenomena.

" The mountains are the result of a series of upheavals following
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one upon another in the same region. A final agitation gave to the

diflFerent chains of these the existing elevation ; it elevated the

summit and opened up deep fissures or divisions, which have become

the valleys of the present time. From the time this occurred the

waters began to fashion the thalwegs, following the line which best

suited them ; wearing down outlets and filling up basins. It is

necessary to admit, or to assume, that the depth or thickness of the

alluvial deposits in the bottom of certain valleys—for instance, those

of the Is^re in the Graisivaudau, or of the Rhine in Alsace,—is to be

reckoned by hundreds, and perhaps by thousands, of mfetres or yards

;

for even yet certain lakes existing in depressions of the Alps have

their bottom below the level of the sea.

" After a long series of ages the mountains assumed the leading

features which they now exhibit, when, the climate changing, great

glaciers carried on actively the work of erosion ; these have planed

away escarpments, and fashioned into something like horizontal lines

the rocky belts of the valleys.

" Dehddes, or inundations, from the escape of the waters of pent-up

lakes, and deluges resulting from the tremendous rains of summers on

the extensive fields of ice, have carried away and deposited in the

principal valleys in certain favourable places, but more especially at

the debouches of lateral gorges, the masses of loess which have

formed cones in the higher plains, and in which the water-courses

have subsequently dug out the secondary valleys.

" At a later period, after the melting away of those glaciers, the

torrents seized upon the bared mountains ; and without restraint

they have dug out their basins, and have again taken up the materials

disintegrated by the glaciers, and deposited these in the gigantic

cones which give to certain regions a physiognomy peculiarly their

own
" But after a time the forests, spreading by degrees, stifled the

waters under a mantle of verdure ; the torrents became extinct,—an

era of peace and of comparative quiet supervened in the mountains

;

then the tribes of men, who during the glacial period rambled over

the low-lying plains, in company with the reindeer, the aurochs, and

the bears, began to spread themselves in the high-lying valleys. The
most ancient settlements were made at the gorges of the torrents,

towards the summit of the cone ; in point of fact, there are to be

found in the mountain valleys very few of these goi-ges in which we
do not meet either with an existing village or with an ancient ruin.

"In this location, which was then one favourable to their pursuits,
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the primai-y inhabitants could profit by the exceptional fertility of

the cone of deposits ; they had nothing to fear from the principal

river, which flowed through the lower-lying lands, nor from jthe

torrent, which was then extinct ; they commanded the plain, and

found themselves at the gate of the mountains ; the adjacent gorge

supplied them with water, the forest supplied them with wood, the

rock supplied them with stone, and their flocks spread themselves

over the verdant ridges around them.

" Little by little, a reckless use of the forests and of the pasturage

disturbed the equilibrium of the natural forces ; and now the old sore

is re-opened, and anew, by man's deed, the mountains are inoculated

with the leprosy of the torrents. The evil has gone on increasing

during prolonged ages of disorder and recklessness ; the position of

the cultivated grounds, and of the villages established at the debouche

of the torrents, has now become critical in the extreme ; and unless

we go back, as we have done ; to the olden times, we are unable to

account for men having taken up their dwelling in the spots, of all

others, which at this day appear to be those which are more

immediately threatened.

" But at last an era of reparation begins ; and, thanks to the eminent

men who have in byegone years given their mind to the work, the

next generation may hope to see the final decline of the modern re-

newed Torrential Era."

In 1874 was published Les Torrents leurlois, leur causes, leur efets:

Moyens de les reprimeur et de les utiliser : leur action, geologique

universelle, par Michel Costa de Bastelica, Coiiservateitr des Eaux et

Forets.

This work treats of another aspect or of another department of the

subject than any discussed in the treatises already mentioned, which

the author designates,

—

Le phhioMihie torrentiel, or la torrentialite

;

and thus is opened up another chapter of the natural history of

torrents.

In speaking of the good done by forests on the face of moun-

tains forming a basin drained by water-courses, he says their bene-

ficial action is manifold ; and though this manifold action it may
be difficult to unfold, the attempt to do this will place beyond all

question that their beneficial action on the water-course is at once

most marked and considerable.

" In the discussions which have taken place on this subject," says

he, " the point which has engrossed attention to some extent has
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been almost exclusively the permeability or impermeability of the

soil, and the proportion borne by the water absorbed to that which

flows off. This is certainly an important question, and no dithculty

is found in showing that forests diminish to an enormous extent the

amount of water which flows away ; but the service which they

render is perhaps greater still in regulating, as they do, the flow, and
in securing the delivery of only water of perfect fluidity.

" The study of torrents has shown that the evil done consists not

so much in the greater or less volume of water discharged as in the

disturbances or perturbations of the flow connected with this. The
principal causes of these are sudden changes or variations in the

delivery and in the degi-ee of fluidity of the flood. And if it be

shown that the forests have, in relation to both of these, a regulating

power superior to that of any other force operating on the torrent,

it will be proved that they are the most potent means of extinguish-

ing torrents.

" If we could expose, by a vertical section, a wooded slope, it would
show in the upper portion a layer of varymg thickness, but most
frequently of from 30 to 40 centimetres (12 or 15 inches) of humus
in which the fibrous rootlets are so developed that the whole has the

appearance of a woolly material. This layer is at once a sponge and
a filter. The large roots of the trees penetrate more or less into the

subjacent rock.

" When the rain falls on ground covered with wood a considerable

portion of the water is restored to the atmosphere by evaporation •

another portion is absorbed by the immense expansion of foliao-e and
boughs. If the rain be prolonged the water comes at length to the

ground, which again is capable of absorbing an immense quantity.

A flow from this is slow to establish itself ; it is necessary, first that

the saturation of the sponge-like layer be complete ; and when this

is efl'ected—when the water has been able to make a passage for it-

self by an infinite number of imperceptible channels—the flow like

that of a charged syphon, maintains a certain uniformity of flow and
this it continues for a long time after the rain has ceased.

" So much is this the case that opponents have alleged that forests

are more hurtful than beneficial, as they tend to prolong floods. The
flood is prolonged, it is true, but the delivery is regulated—diminished

at the commencement and increased at the close : the total quantity

of w\xter drained away takes a longer time to flow ; it flows during the

whole of that longer time ; and, what is of more importance, it flows

uniformly and equally, with no sudden variations, and thereby much
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evil is avoided ; and, what is of more importance still, the forest acts

at the same time as a filter, delivers no water but what is of perfect

fluidity, scai'cely even discoloured by the washing away of organic

matter, and unable to wash away the earth of the subsoil protected

against ei'osion by its thick covering of humus.
" When, on the contraiy, the rain falls on a soil stript of vegetation,

it tends to cut this up into ravines, and it does so if the tenacity and

resistance of the ground be not sufficient to withstand it ; and the

flood is subject to great variations in its current, carrying off", here

and there the earth and other debris of the soil.

" Forests have, then, a double action ; on the one hand they

consolidate the soil, on the other hand they reduce and regulate the

flow of the current,—acting at once both on the delivery and on the

perturbation,—in other words, on the primary cause and on the

secondary causes of the overflowing of water-courses.

" It has been tried to subject to experiment and observation the

meteorological and hydrological eff'ects of forests. And doubtless

studies so interesting are by no means lost to science. They cannot

be too much encouraged ; but it should b3 bonie in mind that they

can have comparatively little value in this question, seeing that they

cannot take cognisance of this modulating and regulating action.

" In regard to any flood which we may wish to make the subject of

study, it would avail comparatively little to know what quantity of

rain falls annually in the basin drained by it. What is necessary to

be known is—In what way did the flow of the flood operate during

the duration of the flood, taking into account the quantity of water

discharged, and all the causes or sources of perturbation operating

—

which is a much more difficult problem,

" And in resolving the whole question into the permeability of the

soil, and its capacity of absorption, it appears importance is attached

exclusively to the reduction of the volume of water which flows

away. It seems to be forgotten in this that water-courses, if steadily

supplied, constitute it may be said the principal riches of a country,

and the most potent of all instruments of labour.

" By their modulating power forests act as vast reservoirs, not only

in preventing sudden variations of delivery during a flood, but in

feeding the water-courses and raising their level dui'ing the period of

exhaustion. In what relates specially to the torrents of the Alps

it has been demonstrated that tlie renewed devastating power which

they have exhibited, and which has assumed such portentous magni-

tude iu the coui'se of the last forty years is a cousequeuce of the dis-



STATEMENT BY M. COSTA DE BASTBLIOA. 247

appearance of the woods. When one goes over these lauds—cut into

raviues and despoiled of all vegetation—he meets with numerous

stumps of pine and of larch, which testify that at a period as yet still

recent they were covered by vast forests.

" M. Surell cites, as an example of the action of forests, the torrent

of Savines, now completely extinguished, and the basin of which is

everywhere adorned with a magnificent forest of firs and pines. The
forest has eflfectively contributed to the extinction of the torrent, but

at this point the following observations may be made :

" This natural extinction of the torrent goes back to ages most

remote. The cone is of a perfect geometric regularity. At its base,

opposite the Durance, it presents a troncature or section, produced by
the erosion of the river, and the escarpment of which is about 30

metres (100 feet) in height at its culminating point. This section

of the ground lays open the interior of the torrential deposit formed

of rolled j)ebbles.

" The whole surface of the cone is cultivated, and on one portion

has been built the large village of Savines, the chief place of the

canton.

'* This enormous heap of deposit is situated at the foot of a high

mountain called Morgon, in the flanks of which are dug out a pro-

found gorge surrounded by a vast basin, the work of the water. All

the upper slopes of the mountain are hung with a beautiful forest,

producing firs more than 30 metres (100 feet) in height, and 3 metres

(10 feet) in girth.

The lower slopes are deeply ravined, but wooded to the very edge

of the thalwegs. A pretty strong stream rises from the principal goroe

but it swells but little ; it carries down no material, and it flows into

the Durance by a bed deeply enclosed in the left bank of the cone.

Extinction and stability are complete ; but it is certain that if the

forest should be made to disappear, anew would disorder revive, and
this with the same intensity as before.

" In going over the basin with attention, I satisfied myself that

everywhere the bed of the thalwegs of the gorges and the ravines

formed of the hard rock, were absolutely incapable of being under-

mined. From this it may be inferred, that during the activity of the

torrent, when the basin was being deepened more and more, the sur-

face could not have been wooded. But from the time that the waters

had evei-ywhere reached the hard rock, and that they could no more
be undermined and washed deeper, their thalwegs in the upper slopes

tended to consolidate themselves, taking their natural stable declivity •



248 ACTION OP FORESTS ON THE FLOW OP RIVERS.

and from that time vegetation could begin to take hold and complete

the extinction.

" This remark is important in this way, that if the disappearance

of a forest always gives birth to torrential disturbances, it does not

always hold true that one can put a stop to them by the planting of

a forest alone.

" Much as an unstable ground is protected by being wooded

—

though it maintains itself and behaves, in a hydrological point of

view, as do the most solid lands, if the wood come to disappear, if

the ground be deeply ravined, if the bottom of the ravine continues

to be easily undermined and washed away—it becomes extremely

difficult to establish vegetation on the mountains, which continually

crumble away, and which with this instability no longer retain any

trace of vegetable soil.

" In the Alps there are numerous cases of old mountains which

crumble away when the foot of the slope is undermined by the water.

And one is thus left, if he desire to effect a radical and prompt ex-

tinction of a torrent, to give, artificially, to the bottom of the ravine

a power of resistance to undermining and washing away, by appro-

priate works of consolidation.

" But be this as it may, the potent action of forests is beyond all

question. Whatever be the character of the woods—timber forests,

coppice-wood, or simple shrubbery—all contribute to give firmness to

the soil, to retard and to regulate the flow of the water drained off".

" In comparing the different kinds of woods, it may be said that

lofty timber forests, with their vast apparatus of foliage at a great

elevation above the soil, are of most use with a view to meteorological

and hydrological effects ; and that young trees serve perhaps better

to insure the consolidation of the soil on steep declivities. But as

generally, on poor land, the soil of timber forests covers itself with

branches, &c., it foliovrs that a mixture of the two kinds of woods

accomplishes best the end which it is sought to effect."

He speaks with similar explicitness in regard to the effect of

gazonnement ; and in reference to artificial structures other than

those which he advocated, he remarks :
" MM. Scipion Gras et

Phillipe Breton have also loudly proclaimed, in a way the most

explicit, that the boisement of the valley appeared to them the most

efficacious measure which could be adopted against torrents, and that

it was only in default of proceedings with a view to extinction being

adopted—the application of which, when they wrote, was still

suiTOuuded with obscurity and uncertainty—that they proposed the
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measures they did, as means of diminishing, at least provisionally,

the danger. The torrents in the Alps which have given occasion for

the study of these phenomena owe their origin to the melting of snow

on higher lying mountains in summer, and to orages, or tremendous

storms of rain, which fall in spring. These torrents occasioned by the

latter are generally the most destructive.

" M. L. Marchand, Garde General des Forets, says on this

subject, —" When the torrential rains of tha Alps are made a subject

of study it is soon seen that they are all of them occasioned by a

particular wind called the foehn. These winds are genei-ally violent,

and present almost always the character of orages, or storms of rain
;

it follows that great quantities of rain are poured down upon the soil

;

and to this may be attributed disasters sometimes coming upon spots

which seemed to be placed in the best possible situation and circum-

stances to bear the most persistent rains.

"The foehn is a wind which blows fi'om the south, oftsn with

extraordinary foi-ce ; it is peculiar to the Alps, and is felt throughout

their whole extent. Having climbed over Italy, where it is no other

than the sirocco, the following are its chief characteristics :—It comes

from the south, but its direction is modified at every step, either by

mountain chains or by valleys. Its origin is still a subject of

discussion : according to some it originates in the Sahara, according

to others it originates in the Gulf of Mexico. It gives to the sky a

strangely-marked, peculiar, heavy, whitish aspect ; and the rain falls

on the second or third day following its appearance.

" The wind arrives on the Mediterranean coast loaded with vapour;

it thei'e encounters that immense calcareous semi-circular wall of the

Maritime Alps, and it scales their higher slopes; but in consequence

of their covering of forests, and the great heat concentrated by them,

in doing so it only attains a higher temperature. It is rarely the

case that the moisture is condensed or pi'ecipitated on these countries

which it rapidly traverses ; but it cools by degrees as it mounts the

Maritime Alps, and on reaching the upper basin of the Var and its

affluents it deposits an enormous quantity of water ; then it continues

to advance northwai'ds to French Comt6, before reaching which

latitude it has lost much of its force.

" If a glance be cast over a map of the Southern Alps, it may be

observed that from mount Viso. there part off great chains running

perceptibly from east to west ; the fcehn comes up the valleys of the

basin of the Var, or of the upper sources of the Durance, it strikes

upon the first chain parting from the col of the Pas-de-la-Cavale, or of

2d
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the Grandes-Communes, taking a deviation to the north of Digne. It

is against this chain that the first great storms of rain dash them-

selves. The clouds in passing over these mountains seek the cols or

lower parts, and they arrive in the valley of the Ubaye by the openings

of Grande-Commune, of Enohastrayes, of the Cold'Allos, of the Lawerq,

of the Bas, and in fine, by the great passage of the mountains of the

Seyne.

" The fcelin forces a passage for itself into the valley of the

Durance
;
goes up this throughout its whole length ; it makes its way

also by some cols of the chains which separate this valley from that

of the Ubaye, and more especially by those which are opposite Embrun.
" If now the forest chart of the country spoken of and the chart of

the fcehn be compared, it will be seen that the mountains of Seyne

have been cleared of woods, and that the whole southern upper slope

of the valley of the Ubaye is devoid of forests ; in a word, that all

the parts which bear the direct attacks of the fwJin—those which

arrest it—force it to ascend them, and to pour upon them masses of

water, are all of them almost entirely cleared of woods. Here we

have no longer, as is the case above Mentou, a tropical sun to warm

the soil ; the wind has cooled down as it rose higher from the sea,

and it is obliged with fatal effect to precipitate in the form of rain the

moisture it has borne thither ; and at that place where the forests

are an absolute necessity, and where the most considerable quantities

of water fall, there it is that they have completely disappeai*ed.

" This summary is incomplete, but it may suffice to render intelli-

gible the general course of the orages, or storms of rain in the Alps,

and the intensity of these on certain parts, which are generally those

at which the fo^hn is compelled to rise considerably or to change its

direction. The celebrated torrent of Riou-Bordoux, near Barcelonette,

in face of the opening at Alios, is exactly so situated. The portion of

the Alps situated below the department of the Isere almost completely

relieves the foehn of its humidity, and this is the classic region of the

orageif.

" T\iQ foehn does not confine itself to the production of torrential

rains ; it is not less terrible in its action on the snow, and on the

glaciers. As has been stated, it IjIows sluggishly and warm for one,

two, or three days before tlie rain appears ; if at this time the ground

be covered with snow this is not slow to melt rapidly, and absorbing

a great quantity of water it becomes like a sponge ; then supervenes

the rain which expedites the process and brings on a idiid o{ debdcle,

or breaking up, and the water arrives in great quantities in the



SIATEMKNT BV M. MAKCHAM». 251

valleys. If the raiu do not supervene the action of the fcehn may
sufl&ce to cause all the snow to melt abd to produce gi'eat consequent

disasters. In 1856 the inundations of the valley of Barcelonette had

no other cause of production ; the maximum of the flood was attained

under a magnificent sky, and all the water came from the melting of

the snow which covered the mountam. In Switzerland the terrible

inundations of 1868 had in general a double origin—with warm con-

tinuous rains were combined the melting of the glaciers. It is always

in the spring, or with the first snows of October, that the latter

torrents are to be dreaded if the mountains be not covered with

glaciers ; where this is the case the danger is constant.

" The foehn sometimes produces general rains over the whole of

the country over which it blows, but sometimes only local orages, or

stoi'ms of rain. This can easily be accounted for when it is considered

that the contour of the Alps admits of one current of air passing up

a valley to be in its cause and in its effects quite independent of a

current passing up a neighbouring valley, though they have had a

common origin,—and that a diflference in the cooling of the currents

of air may occasion a precipitation of rain in one valley, while the

neighbouring valleys, being warmer, are enjoying a cloudless sky."

When the late Emperor Napoleon came to power he took steps to

give effect to the observations and reasonings of MM. Fabre and

Surell, which the pre-occupation of public men with political changes

had previously prevented.

In 1860 the work of reboisement was begun. To the report given

by the Director-General of the Administration of Forests, of what had

been done in 1867-1868, are appended a number of monographs on

works executed in different departments, embracing the departments

of the Isfere, the High Alps, the Low Alps, Drome, Gard, Herault,

Aude, and the High Pyrenees, all telling of success.

Amongst others, of which details are given of what had been

done, and of what results had followed, is mentioned the case of the

torrent of Saint Marthe, on the right bank of the Durance. Of this

M. Costa de Bastelica, in a work already cited, remarks :
—" This

torrent supplies amongst many others a remarkable example of what

can be done. In 1841, when M. Surell wrote his valuable work, this

torrent had a sad celebrity for its violence . It swept away every

bridge thrown across its course. On every occasion of a storm of

rain the inhabitants of the banks of the river were thrown into dis-

quietude, fearing to see it burst their dykes, and spread over the plain.
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•'* The works undertaken with a view to secure its extiuctiou were

only begun in 1864, and in 18G9, when M. Cezanne, before the

publication of his work, did me the honour to allow me to show to

him and explain our works, he noted the fact that the work of ex-

tinction was so complete that a simple foot-bridge placed only 50

centimetres, or 20 inches, above the tori'ent, had become a work

that bade defiance to the greatest floods which now occur. This

foot-bridge still stands, and there have been no want of violent

storms of rain : in the interval there has been no change in the

meteoric conditions. The effect of the extinction of the torrentiality

was then attained and certain, and this so much so that the syndicate

^

organised by the proprietors interested, having no longer anything to

do, dissolved itself."

In accordance with this fact are facts innumerable illustrative of

the efficiency of vegetation in extinguishing torrents and preventing

the formation of torrential floods, by which disastrous inundations are

occasioned. Of these, as has been stated, details have been given in

a separate volume,* and with these details copious information in

regard to legislative measures and practical operations by which the

results in question were obtained, together with resumes of the works

which have now been cited, and notices of others which have been

published on the subject.

In the conclusion of the volume there are remarks on the pre-

ventability by reboisement and gazonnement of such sudden and dis-

astrous inundations as that which in 1875 proved so destructive to

Toulouse and the valley of the Garonne.

A similar inundation of the Loire occurred in 1846. In a valuable

work by M. Valles, published in 1875, entitled " Eticde sur les in-

ondations leur causes et leurs effets" the author denies the efficacy of

reboisement as a means of preventing inundations. But M, A. F.

Hericourt, in writing of this work in the Annates Forestieres for De-

cember 1857, in an article entitled Les inondations et Le livre de M.

Valles, combats his views ; and he thus maintains his position that the

reboisement of a portion of the upper basin of the Loire would have

prevented the inundation of 1846 :
— " Accepting," says he, " the data

of M. Valles, who has analysed with much care the various phenomena

* Reboisement in France ; or, Records of the Replanting of the Alps, the Ceveunes,

and the Pyrenees with trees, herbage, and bush, with a view to arresting and

preventing the <l<istructive consequences and effects of Torrents. London : H. S.

King & Co. 1876.
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which characterised the flood of October 1846, in the upper basiu of

the Loire, I will admit with him that if we could have held back

175,000,000 cubic metres of water, the inundation which proved so

sad a calamity to France would not have proved so painful an

event. The upper basin of the Loire, as far as Roanne, comprises an

area of 640,000 hectares (158,080,000 acres), of which at least a

third, say 213,000 hectares (52,693,000 acres), might be profitably

re-forested. The inundation was caused by a rain which lasted sixty

hours, and poux-ed upon the soil a sheet of water 153 millimetres (about

6 inches) in depth. This portiou of the basin of the Loire, therefore,

received 979,200,000 cubic metres of water. On the hypothesis of

M. Valles, 244,800,000 cubic metres were absorbed. There accord-

ingly remained for superficial flow, 734,400,000 cubic metres.

"But let us suppose that, in 1846, the 213,000 hectai-es above-

mentioned to have been covered with massive woods, and then let us

calculate what would have happened. These 213,000 metres would

have received, as theirshare, 290,000,000 cubic metres. The absorbent

qualities of the soil are increased 40 per cent, by reforesting, and this

operation would have withdrawn 130,116,000 cubic metres from the

superficial flow, which would have reduced the amount upon the re-

timbered portions to 195,174,000 cubic metres. But this liquid

mass would have been hindered in its course down the valley, as we

have above explained, by the passive resistances of every kind which

the forest presents, and a half, at least, would not have arrived until

after the other half, which had fallen in other portions of the basin,

had passed otf. We may therefore conclude that the superficial

flow would not have exceeded 500,000,000 cubic metres, and that the

calamities occasioned by the inundation of 1846 would have been

completely prevented by reforesting."

As rain is the precipitation from the au' of a quantity of moisture

which it can no longer retain, so rivers are composed of the draining

off of a quantity of the rainfall which the ground upon which it has

fallen can no longer retain ; and—while the flow and escape of the

rainfall is arrested by much of it being absorbed and retained by the

decaying debris of leaves and twigs lying on the surface of the

ground in a forest, and by the humus in the soil, and by being

carried to a great depth along the channels of the roots—a secondary

effect of this is to regulate, and, in doing so, to some extent to

equalise over a considerable time the continuous flow and delivery of

the streams uud rivers by which it is drained.



254 ACTION OF FURliSTS O.N TH£ FLOW OF RIVERS.

In not a few of the statements which are given in preceding chap-

ters in regard to the effects of the destruction of forests, mention is

made of what had previously been perennial streams being often dry,

while at other times the water-course was filled from bank to bank
with a rushing torrent. There might be as much water delivered by
these in the course of the year as ever there was—though this might

be questionable, and the observations cited by Herr Wex, and given

above, show that in some of the principal rivers of Europe a greatly

increased ii-regularity of flow has been accompanied by a diminished

annual delivery—but the flow was irregular, and the correction of

this is a consequence of the absorption referred to. Among the con-

sequences of this may be reckoned the following :

—

1. The devastating and destructive effects of floods are mitigated, if

not altogether prevented. 2. The prolonged retention of the rainfall in

an inland situation increases both the moisture of the atmosphere

and of the soil, by prolonging the periods of evaporation and infiltra-

tion. 3. From both of these effects will follow other consequences

tending to perpetuate the results so obtained. 4. Not only will the

promotion of vegetation, desirable as an end, be accomplished, but

one of the meteorological effects of vegetation, the increased or

maintained humidity of the atmosphere, will be secured.



CHAPTER VI.

On the Correspondence between the Distribution of the Kainfall

AND OF Forests.

As the student of Anatomy takes up now a muscle, now a nerve, now

an artery, and now a vein, and traces it by cai*eful dissection from all

integuments and other structures with which it may be united, giving

to it for the time his undivided attention, and leaving for subsequent

consideration the connections and relations in which each stands to

each and each stand to all, so would I pass from the consideration of

one subject to the consideration of another, treating each as for the

time the one subject with which we have to do, and leaving for sub-

sequent consideration the various facts evolved in their combined

connections and relations.

It has been alleged that the distribution of forests corresponds to

some extent with the distribution of the rainfall. And this raises

the questions. Which is cause and which is effect 1 or are they both

consequences of a common cause 1 and in either case to what extent

may they be legitimately regarded as cause and effect 1

In Scottish courts of justice it is customary for the public prose-

cutor to lead evidence and then to state his case as founded on this,

while in English courts he states his case and then leads evidence to

establish it. I do not admit that I have got a case to establish ; but

I shall state what my belief is, adduce observations in illustration of

different particulars, and then state what I consider to have been

proved.

Tt appears to me that observations made show in many cases a

general correspondence between the distribution of the two—that in

many cases the distribution of the rainfall has been determined in a

great measure by the geographical position and by the contour of the

country, and that this distribution of the rainfall may have determined

the distribution of the forests—but that the forests once established

may have exercised an important influence in further modifying the

distribution of the i-ainfall in time and in space.
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Sect. I.

—

On the Measure of Correspondence between the Distribution

of the Rainfall and of Forests.

I have said it appears to me that observations made show in many
cases a general correspondence in the distribution of the rainfall and

of forests. It may occur to many on the mention of this that while

there are found forests covering extensive plains, their special habitat

appears to be the mountain side—and that tlie rainfall in the vicinity

of a mountain range is in general greater than it is on the horizontal

area of an extensive plain.

But the correspondence is more marked than this alone would inti-

mate. It happens to be the case that-, in some cases, the observations

have been given to the world by observers having decided views in

regard to the connection of cause and effect, and in illustration of

their views ; but at this stage they are adduced only as illustrative

of the measure of correspondence which has been observed.

The first observations I adduce are some brought before the Meet-

ing of the British Association for the Promotion of Science, held

at Brighton in 1867, by DrBi-andis, Superinteudant-Geueral of Forests

in India, in a paper On the Geographical Distribution of Forests in

India. Dr Brandis considering India as divided, by observation of

the rainfall, into arid, dry, and wet districts, stated that in the west

corner of India was what might be called the arid tract, extending

from the coast of Cutch and from Scinde in the south to the Salt

range in the north, and from the hills of Beloochistan in the west

to the Aravalli range in the east. The average rainfiill in this

district was less than fifteen inches. Throughout this arid part of

India the spontaneous arborescent vegetation was extremely scanty,

although a thin sprinkling of low thorny scrub on the hills offered

ample and interesting employment to the botanist. In this region

the work of the foi"ester was limited to those tracts which stretched

along the Indus and its principal tributaries, watered by the annual

overflow of the river during summer, or which could be otherwise

irrigated. Thus in Scinde there were on both sides of the Indus

river 352,000 acres of Government forest maintained solely by the

overflow of the i-iver and by percolation. The result of the deflec-

tion of a river from its course was that the forest near the old bed

frequently perished.

Outside tliis arid tract there were two belts, with an annual

rainfall of between fifteen and thirty inches, which might be called



DISTRIBUTION OP RAINFALL IN INDIA. 257

the dry zones of India. The spontaneous arborescent vegetation was

scanty, save in the moist lands along the great rivers, hut it was

better than in the arid tract. In the southern dry zone, coinijrisin'"

part of the Deccan, was the country of the sawd.d wood, a suiall tree

which did not grow gregariously, and did not form coutiuuous forests.

Here, too, were the ancient irrigation worlis, tanks, and gigantic

stone dams across rivers ; and where water was thus supplied, fields

and gardens were most luxuriant.

" Beyond these dry zones, and in the rest of India generally, the

rainfall exceeded 30 inches; but even in these moister parts of the

country the conditions for forest vegetation were not everywhere as

favourable in India as in Europe. Really thriving forests were only

found where the fall exceeded 45 inches, and luxuriant vegetation

was limited to those belts which had a much higher rainfall. Within

the moist regions, with a rainfall exceeding 60 inches (in one place

rising to 250 inches) and in Eastern India, there was a great variety

of good forest. Of the Deodar forests of the North-West Himalaya

a small portion only fell into this belt, the greater part lying in laud

where the rainfall was less than 60 inches. Between the dry and

moist regions was a vast tract of country with an annual rainfall of

more than 30, but less than 60 inches, comprising the greater portion

of the upper Gangetic plain, the whole of Central India, and the

western side of the peninsula. In this part of India the main

obstacle to a luxuriant forest growth was not so much an in-

sufficient supply of moisture, as its unequal distribution over the

seasons of the year. Of the moist zones, there were two in which

the annual rain exceeded 75 inches, the smaller one along the

western coast of the peninsula, and the more extensive one on the

outer Himalaya ranges, the hills of Bengal, and the coasts of Burmah.
" On the western coast the rainfall was moderate as far down

as Surat, 47 inches, and Bombay had 72 inches ; but Janna, only

a few miles inland, had 102, Further down the coast the rain-

fall was heavier. Rutnaghem had 115, and Canara had 123 inches.

Approaching the southern extremity of the peninsula, tlie I'ainfall

grailuidly diminished to 28 inches at Cape Comoi'iu. lu this narrow

moist holt were found souie of the finest foi-ests iti India. The teak

forests of North C m ira, j)rotecteil by the difficult nature of tlio

country, the teak and blackwool foi*ests of Wyuiad and tho

Anaraallays and the forests of Travancore were repiiti!)le forests,

which might stmd comparison with the oak and l^oech foi-ests of the

Spessart, and the oak forests of Ceuti'al Franco. The teak pUinta-

2£
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tions of Nellumboor, in Malabar, which were commenced in 1844,

and now covered upwards of 2,400 acres, were a splendid instance of

luxuriant forest growth on a good soil, in a foreign climate, and

under good management. The moist region of the Himalaya and

the eastern part of India had a much larger extent. The Kangra

valley, in the Punjab, had a rainfall of 100 inches, and from here

the moist narrow belt, but widening gradually, ran in a south-westerly

direction as far as Sikkim. Near Simla, the width of this belt, with

a rainfall of 75 inches, was not more than 30 miles. Near Darjeel-

ing, it extended into and comprised the whole of Assam, Eastern

Bengal, as far as Dacca and British Burmah. A second belt of

between 60 and 75 miles, ran outside the foot of the Himalaya,

comprising the estuary of tlje Ganges and part of Orissa. Within

these moist regions of northern and eastern India, were a great

variety of good forests. Only a small portion of the deodar forests

of the north-west Himalaya fell within this belt, the greater part

lying inland, where the rainfall was less than sixty inches. The

india-rubber forests of Assam and Cacliar were within the range of

the heavy rainfall as well as the ironwood forests of Arracan and the

teak forests of British Burmah,
" Between the dry and moist belts there lay, as has been intimated

above, a vast tract of country with an annual rainfall varying

from thirty to sixty inches. In this part of India the main obstacle

to a luxuriant forest growth was not so much an insufficient supply

of moisture as its unequal distributions over the seasons of the year.

In the grenter portion there was a long dry season and a short rainy

season. During the dry season the leaves and grass get excessively

dry and inflammable, and the smallest spark was then sufficient to

create a conflagration, which did not stop until it had reached the

limits of the forest. These jungle-fires destroyed millions of seed-

lings, and those which escaped were scarred and had in them the

germs of early decay. The jungle-fires were sufficient to explain the

remarkable fact that, in a large proportion of the forests of Southern

and Central India, and in some of those of the north, the mature trees

were unsound or hollow."

I could scarcely desire a better illustration of what I mean by a

general correspondence between the distribution of rainfall and of

forests, leaving out of view all that may be said bearing upon the

question of cause and effect, than is aff"orded by this statement.

A view similar to that advanced in regard to the geographical
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distribution of forests in India is advanced in regard to the distribu-

tion of forests in America, by Mr Charles Maclareu, in an article on

America in the " Encyclopaedia Britannica."

In this the writer says,
—" We are induced to think that in all

countries having a summer heat exceeding 70°, the presence or

absence of natural woods, and their greater or less luxuriance, may

be taken as a measure of the amount of humidity and of the fertility

of the soil. Short and heavy rains in a warm country will produce

grass, which, having its roots near the surface, springs up in a few

days, and withers when the moisture is exhausted ; but transitory

rains, however heavy, will not nourish trees, because after the sur-

face is saturated with water the rest runs off, and the moisture

lodged in the soil neither sinks deep enough nor is in sufficient

quantity to furnish the giants of the forest with the necessary

sustenance. It may be assumed that twenty inches of rain falling

moderately, or at intervals, will leave a greater permanent supply in

the soil than forty inches falling, as it sometimes does in the torrid

zone, in as many hours. It is only necessary to qualify this con-

clusion by stating that something depends on the subsoil. If that is

gravel or a rock full of fissures, the water imbedded will soon drain

off ; if it is clay or a compact rock, the water will remain in the soil.

It must be remembered also that both heat and moisture diminish as

we ascend in the atmosphere, while evaporation increases ; and hence

that trees will not grow on very high ground, though its position in

reference to the sea and the prevailing winds should be favourable in

other respects."

Assuming as unquestionable that the trade winds are the agents

which transport the moisture exhaled from its surface to the interior

of great continents, where it is precipitated as rain, or dew, or snow

;

and that mountains, by obstructing aerial currents and presenting

great inequalities of temperature, cause precipitation, this writer says,

—" Let us consider then what will be the effect of a mural ridge like

the Andes in the situation which it occupies. In the region within

the 30th parallel the moisture swept up by the trade wind from the

Atlantic will be precipitated, part upon the mountains of Brazil,

which are but low, and so distributed as to extend far into the

interior; the portion which remains will be borne vv^estward, and,

losing a little as it proceeds, will be arrested by the Andes,. and fall

down in showers on their summits. The aerial current will now be

deprived of all the humidity which it can part with, and arrive in a

state of complete exsiccation at Peru, where no rain wiU consequently
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fill. That even a much lower ri 1^3 tlian the Atrlcs may intercept

tUii wlulo mji^joirj of tlie ;vtuiJi[» lerj is pi\)i^ed by a well kiuwa

pheii'iiueujn in lu lia, w'.ie.i tho G.i uits, a chain only 3u03 or 4033

fetit hi^-.i, d.vild sa.QU.'r frj.a wia:ef, as it is u.iUeJ: that is, they

have capi JUS r.iius on their wiiiJ ward side, while on the other the

weather re.iiaiiis clear and dry ; auil the rains regularly change from

the wost sido to the o ist wi;:li the m Jiisouns.

" lu the region beyond r.lie oOtli parallel tliis effect will be reversed.

The Andes will in tliis cisj serve as a screen to intercept the in )istur9

brought by the prevailing west winds from the Pacific Ocean ; rains

will be cjpious on tlicir summits, an I in (Jhili on the their western

declivities, but u ine will fall on the plains to the eastward, except

occasionally when the winds blow from the iVtlantic."

And he adds,—" The views on the subject of climite we have been

unfolding WiU enible us to throw some light on an interesting point,

the distribution of fo ests."

There is appended a small map of America, in which by long

hatched lines are siiown the positions of the chains of mountains

;

white spaces represent Ian is on which little or no wood grows;

shading represent the regions of forests, dense forests being repre-

sented by djuble s'naling, and thinner ones by open lines; while

arrows indie ite the direction of prevailing winds. And in explanation

it is btated,
—" In speaking of the region offorests, we neither restrict

the term to those districts where the natural woods present an un-

broken continuity, nor extend it to every place where a few trees

grow in open plains. It is not easy to give a definition that will be

always appropriate ; but in using the expression we wish to be under-

stood as applying it to ground where the natural woods cover more

than one-fourth of the surface." And there is given the following

statement in regard to the distribution of the forests,
—" In North

America, to the west of the Rocky mountains, is thus represented a

woody region, extending from lat. 35^ to about 58^, of unknown

breadth, densely wooded from the coast, more thinly wooded towards

the mountain range ; to the east of the mountains, an extensive

region stretching E.NE. to the ocean, partly a bare desert, partly

covered with grass and clothed with trees. On the east coast and

more to the south is the Allegiuy range, with deus3 forests on the

east and the south anl tliin on the west, the forest region thus

indicated being bounded by a curved line passing from the mjuth of

the St. Lawrence, in lat. 5d^, through Lake Huron to St. Luis in

Mexico -y and an arrow points out the direction of the wind turned
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from its course, ascending the valley of the Mississippi, and nourish-

ing the westci-n p;ii-ts of these forests. To the south of lat. 30° the

equatorial winds blowing from the east prevail ; aud from 35° south-

ward from the forest lands of the Rocky Mountains, is the table land

of Mexico, gTaduatiug in the north-west into the dry plains of Sonora

and California, all bare or nearly bare of wood. From tli is region,

dowu through the Isthmus of Panama, there are dense forests.

These dense forests fork and stretch to some extent along the

western coast of South America to Amotape, whence stretches a long

strip of dry bare sand ; on the west side of tlie Andes, which

constitute Lower Peru and the north part of Chili, a little to the

north of the equator, about midway from both coasts, is the Llanos,

(a bare plain of caraccas, nearly fenced round with mountains)

;

passing this to eastward, the dense forests follow the coast line,

stretching far into the interior, somewhat diminished in density, and

forming the great region of forest which constitute the basin of the

Amazon and occupies all the rest of Brazil.

" Near the equator the moisture is so excessive that after 150 or

200 inches of rain have fallen on the east coast there is still sufficient

humidity in the atmosphere to afford copious showers to all the

country up to the Andes. Here, therefore, the woods reach from side to

side of the continent. But as we recede from the equator the

humidity diminishes rapidly, and though the continent becomes

narrower towards the south the supply of rain falls off in a still

greater proportion, and the forests extend over a much smaller space.

At the foot of the Andes the forests extend to 16° or 18° south lat.
;

on the east coast, to 25°, probably 30°. Thence, on the east coast

are the Pampas, or open lands of Buenos Ayres, extending, on the

east side of the Andes, from the latitudes mentioned to Cape Horn.

" But on the western side of the Andes, extending through the

same latitude, are the forests of Chili, where the prevailing winds

which are from the west, coming loaded with the moisture of the

Pacific Ocean, produce copious rains to nourish the herbage and

forests. This applies chiefly to the country south of the 35° parallel.

From that to Coquimbo, lat. 30°, the wood is scanty."

In this, as in the account given by Dr Brandis of the Geographical

distribution of forests in India, we find, apart from the facts

embodied in the statement, an illustration of a general correspon-

dence between the distribution of the rainfall and of forests.

Independent testimony on the distribution of the rainfall in
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America is supplied by the Smithsonian Institution, unencumbered

by any theory. The arrangements made by this Institution for col-

lecting, collating, reducing, and utilizing meteorological observations

are on the most ample scale.

Towards the close of 1873 I received from Professor Hemy a series

of rainfall tables, comprising all the observations that have been made

in regard to the rainfall in the United States since the settlement of

Europeans in the country, and an intimation that they had com-

menced a new epoch, and had subsequently to the publication of

these tables distributed several hundred rain-orauffes in addition to

those previously used, and to those which had been been provided by

the Government in connection with the signal source ; and three rain

charts are given showing, from the material collected in the general

table of results, the geographical distribution of rain over the area of

the United States, with the average amount fallen during the year, and

during the seasons of summer and winter. The first chart exhibits

the results from 750 stations, and the others the result obtained from

nearly the same number.

In regard to the general character of the distributions of rain on

the average throughout the year, it is stated,—" The most striking

features of the phenomenon of rain, as delineated on the chart, are

the apparent precision and continuity in the law of its distribution,

and the great variation or range in its amount. Thus the curve,

passing over places where the annual fall amounts to 40 inches, can

be followed from New Brunswick, on the Bay of Fundy, to Texas

;

the isohyetal line of 36 inches, similarly, runs without interruption

from the St. Lawrence River to the mouth of the Rio Grande. The

regularity of the curves is sufficiently distinct to mark out everywhere

the progression in the deposition of the aqueous vapour. The annual

amount varies from four inches in the Yuma and Gila Deserts, at the

head of the Gulf of California, to 80]inches and more on the Pacific

Coast in Washington Territory ; on the Gulf Coast 64 inches appears

to be the maximum amount, and 48 on the Atlantic Coast.

" The principal supply of rain over the United States comes from the

Gulf of Mexico ; its diffused vapour can be traced from the eastern

slope of the Rocky Mountains to the Great Lakes ; while the supply of

vapour from the Atlantic Ocean is distinctly traceable over that area

lying north and east of Virginia. All States and Territories west of

the Rocky Mountains receive their supply of rain from the condensed

vapours of the Pacific Ocean.

" There axe distinct localities of entry of maximum rain from each
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of these basins of supply ; the vapours from the Pacific are deposited

within a remarkably well-defined coast region between latitude 41°

and our boundaiy at the Straits of Juan de Fuca ; the rain pours

down with great intensity on the coast between the mouth of Columba

River and Cape Flattery. It is surprising how little rain falls on the

Pacific coast between San Diego and Cape Mendocino, and how

quickly the atmosphere becomes drained of its vapour as we leave

the coast and proceed inland in latitudes north of 41°. The coast

range of mountains here act powerfully as condensers by forcing the

air up their western slopes.

" The densest part of the Gulf vapour is thrown over the delta of

the Mississippi River, and as far east as longitude 8Q^ its axis of

diffusion can be traced distinctly to the west end of the Lake Erie

:

it is inclined towards the northeast for two reasons—the effect of the

earth's rotation on a flow from the south, and the influence generally

of the prevailing westerly winds. A second sweep over the country

occurs in southern Florida, most likely due to the immediate proximity

of the Gulf Stream ; and there is a third, as yet vmdefined, influx,

passing through Georgia and South Carolina.

" The condensation of vapor from the Atlantic is most apparent a

sliort distance inland at the following localities : Along the coast of

Maine near Eastport and near Portland, in central Connecticut,

western Massachusetts, and extending to southern Vermont, and
near the entrance of Chesapeake Bay. Upon the whole, hills and

mountain ranges appear to have a comparatively small directive

influence upon the distribution of the rain. Florida, which may be

considered as almost perfectly flat, exhibits well-defined boundino-

lines of rain distribution. River courses also seem to influence the

amount of rain, as along the Rio Grande. At the mouth of the Hudson
River, the curves become suddenly contracted ; and some similar

feature can perhaps be traced out on the Mississippi delta near New
Orleans. Beyond furnishing by their evaporation a supply to the

general fund of moisture, the Great Lakes do not appear to exercise

any direct influence; on the yearly average the rains along their

borders are not increased. There is even a remarkably small amount
of rain-fall in northena New York, close to Lake Ontario. The effect

of equalizing the temperature produced by all large bodies of water

has no doubt a direct influence upon the distribution of rain ; the

greater and more sudden the variations in temperature, the greater,

comparatively, the rain-fall.

" The laws of the distribution of the rain-fall, as far as they depend
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upon the chunges of temperature and direction of wind, can be studied

to better advantage by means of the two charts showing the dis-

tributio!! in summer and in winter, than by that for the year, since

the Istter necessarily brings out the resultant phenomena, and should

consequently be of greater complexity than either of those for the

extreme seasons. With a few exceptions, presently to be noticed, the

distribution of rain in the extreme seasons is not very dissimilar from

that of the year as a whole."

It is stated in the report that the tables show that mountains and

hills have apparently a comparative trifling divertive influence on the

distributions of rain. For this conclusion some of my readers may
not have been prepared. To what extent, if any, the distribution of

forests may correspond with the distribution of rain is not referred

to ; but in a work on the aspects presented by forests in different

parts of the world, by M. F. S. Marny, we have notices of the forests

in the United States, of which we may avail ourselves to see how far

these independent records—the one of the rainfall, and the other of

the forests—correspond.

After a graphic description of the forests of South America, M.

Marny says :
—" On re-ascending into upper Mexico and reaching

California, arborescent vegetation resumes, with regard to kinds, the

chai'acter of our temperate climates, but it still preserves its gigantic

character which belongs to the trees of the Xew World. In Oregon,

the pines that fill the forests spi'ead along the sea shore seem to be

the kings of all the pines in the universe. Their diameter is often 5

metres, their height surpasses sometimes 100, and their cones are 15

inches long. The pine lamhertina gives to the coast of California an

imposing but melancholy aspect. The lines of pines run along the

shore as fiir as Russian America, where they are associated with oaks

and birches. Their less lofty species prevail in the forests of New
Hanover, of New Georgia, where they adorn, with sycamores and

maples, the slopes which incline towards the ocean."

Along the coast, from lat. 50° to 41°, we have according to the

rain-cliart a rainfidl of from 60 to 40 inches, diminishing as we pro-

ceed inland to 52, 44, 32, 30 ; and in the longiturles of Nevada,

extending thence to Minnesota, Nebraska, and Kansas, 16 and 20,

with no mention of forests, but in the State last-named it rises to 20,

24, and 28.

M. Marny proceeds :
—" Crossing the Appalachian and the Rocky
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Mountains, we encounter new lines of forest-trees. One of tbe first

is traced by the bald cypress, which seems to be surrounded by

natural boundaries. These are protuberances formed upon the roots

of this conifera, and they often rise to a mHre in height : which

barriers defend the trunk against the attacks of large animals.

These cypresses compose gigantic thickets, which cover the swamps

of the lower Mississippi, of the Arkansas, of the Red River, and of

Florida, and extend as far as the mouth of the Ohio. It was under

the vast shade of one of these trees that Cortez and all his army

found a refuge in Mexico, Their wide stems, of conical form, are

crowned with a multitude of horizontal branches, which are entangled

with each other, and confounded with those of the neighbouring

cypresses. These vaults of foliage, which are frequently superimposed,

give to the forests of this cypress an aspect quite peculiar. The short

leaves of a sombre green, represent on drawing near a kind of crape,

which impresses on these shades a funereal appearance. And under

these gloomy domes, which are here and tliere enlightened by a few

openings made by the winds, or due to the age of the branches, all

the scourges of man, whether animate or inanimate, seem to have

given each other the rendezvous. Death soars over these shady

solitudes, which incessantly evoke the idea of it. Fevers, alligators,

serpents, mosquitoes contend with each other for the woodman
who goes with his axe to strike their trunks—the growth of ages.

But no danger arrests the avidity of man, nothing terrifies the enter-

prising descendant of the Anglo-Saxon race. The lumberers ^venture

through these pestilential swamps, and precipitate into the waters of

the Mississippi the trunks they have uprooted.

" The Mississippi, that ancient father of waters, is indeed the great

agent of destruction to these forests of North America ; its waters,

especially at the period of inundation, are continually charged with

enormous masses of wood, with gigantic rafts which encumber its

bed, and are self-constructed with moi-e solidity than any raft made
by the hand of man. These trains of trees are especially remarkable

upon the Atachafalaya, one of the arms of the Mississippi. They are

equally met with upon the Red River. One of the aflSuents of this

river, the Nashita, is interrupted for a space of seventeen leagues by

an almost uninterrupted succession of these rafts. M. de Humboldt
has made known the same fact in the Orinoco, whose bed is unceas-

ingly encumbered by a mass of trunks, which seem as if driven into

the mud,

"These swampy forests, by the destructive action of humidity,

2p
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finish by transforming themselves into vast bogs, which present the

appearance of great inundated plains, whose surface might be covered

with ti-ees brought along by the waters. These immense stagnant

pools, these seas of mud, still furnish a soil sufficiently firm for a

species of cypress, an 1 of broom wliich grow there ; they offer the

only ground of support for tlie foofof the animals that wander in

these aquatic solitudes,—i)ears, wild cats, wolves. The most cele-

brated of these swamps is the Great Dismal, which Mr Lyell has

described in his interesting journey in the United States, and which

extends between the towns of Norfolk, Virginia, and Weldon, North

Carolina."

In the Lower Mississippi we have, according to the rain-chai*ts, a

rainfall of 56, 60, and 64 inches per annum ; in Arkansas, a rainfall

of 42, 44, and 53 ; iu Norfolk, Virginia, 44 ; in North Carolina, 44,

48, and 52.

M. Marny continues.—'' Upon the lower levels of the Alleghany

Mountains, the rhoio lendron and the kalmia display their elegant

flowers. From stage to stage tlie vegetation is modified ; and to

forests of oak ssucceed the resinous pines, with which are associated

magnolias, poplars, and different species of nyssa.

" The forests of the Alleghanies belong to one of four forest zones

which embrace North America; they extend over the south-west

coast as far as to the south of the bay of Chesapeake. They chiefly

contain pines, firs, cedars, and cypresses."

In this district we have a rainfall of 36, 40, and 44 inches.

" The second zone, which corresponds with the region of magnolias,

catalpas, tulip-trees, stretches over the Floridas and Louisiana ; it is

characterised in several parts by forests of cedars, known under the

name of cedar-swamps. In Louisiana the rather stunted stems of the

wax-myrtle are found among the rhododendrons.

" In Florida and Carolina are forests called pi7ie-barre)is composed

of gigantic pines, reaching a height of more than 50 metres, and

rivalling those which clothe the opposite coast of the American

continent. These ^9iwe-6a?Te?is comprise a broad band several hundred

miles iu length. Behind these forests of coniferse, which form the

second forest line, one encounters on disembarking upon these shores

—the first being composed of graceful palms—come other forests not

less dense, but composed of a thousand kinds of wood. 'There,'

writes M. F. de Castelnau, * the magnolia exhibits with profusion its
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leaves like immense spatulas, while the air is embalmed by itsbeautiful

and enormous flowers so dazzlingly white. It is intermingled with a

hundred species of sassafras, catalpas, laurels, cedars, gum-trees, in

the midst of which the magnificent evergreen-oak distinguishes itself.

Everywhere tho cornel-tree dazzles the eyes by its silvery splendour

;

the azalea is lavish of its corolla, like an elegant butterfly ; and the

sumach displays with pride the magnificent splendour of its scarlet

bouquets. All these various trees are closely matted together by

lianes without number—veritable alliances with these brides of

nature.'

"

In Florida we have a rain-fall of 60, 52, 48, 44, 40, and 36 inches,

and in South Carolina the same.

" The third forest zone invests the hills and low mountains

of the Carolinas, of Pennsylvania, and comprehends the slopes

of the Alleghanies which we have just described. The oak, the

birch, the mulberry, the sycamore, the maple, occupy these

woods. The willow-leaved oak, the elm, and the chestnut, principally

form forests in Pennsylvania and in New Jersey ; in the environs

of Habochene venerable forests run parallel to the coast. The two

parts of this state form a striking contrast to the rest; whilst a

vigorous vegetation adorns the northern divisions, those that lie to the

south offer only an arid sandy soil, which has its own species and its

especial forests. The upper Ohio flows under a bower of tulip-trees

and planes, whose elegant foliage is reflected in its waters.

" But it is in the state of Indiana, above all in the environs of New
Harmony, upon the banks of the Wabach, that the forests of North
America show themselves in all their miignificence. They present,

among the forests of the New world, a distinct character, and one of

their peculiarities is the want of evergreen plants, with the exception of

the mistletoe, a species of bignonia, Dutch rushes, which are a kind of

equisetum, and the Miegia microsperma. When the woods are stripped

of their foliage, the eye is attracted only by the equisetum just named
which reaches a height of eight or ten feet In these collections of trees

the traveller is struck by the gigantic planes, ramifying themselves

into a certain number of hollow trunks, which serve him as a shelter

in time of need. To these planes are united miples of proportions

almost as great, several oaks, and notably that wliich bear-j the name
Mossy over-cup oak, whose enormous acoinis ai'e strewn over the "•round

and which grow in close ranks. A multitude of climbing-plants em-
brace the trunks of the large kinds, the quinate-leaved ivy, the poison
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ivy, the bignonia, which attach themselves to the trunks like a thick

net-work formed of aerial roots, to which are attached at right angles

the branches that bear the leaves. Among these mighty trees there

are lofty thickets of 15, 20, and 30 feet in height, composed of the

papaw-tree, the spice-wood or fever-bush, and the red-bud tree. Be-

low these smaller kind of trees the gi-ound is still covered with shrubs

and in the openings grow the Rhus typhina and the Rhus glabra,

Magnificent catalpas appear at every step in a wild state ; but the

botanist seeks in vain for trees with aciculate leaves, the pine, the

cypress, or for the rhododendrons, the azaleas, the magnolias, the

chestnuts, which are met with in other parts of America.

" These woods are rapidly thinning. Legions of backwoodsmen

take up their abode in them ; and they are speedily cleared. Already

wood is becoming singularly dear at New Harmony ; and the hickory,

which gives out so powerful a heat, has been cut down with a pro-

fusion and ignorance usual with the first colonists of forest countries."

In Indiana we have a rainfall of 44, and 40.

" The fourth zone loses the physiognomy of the subtropical vegeta-

tion, to resume that of the vegetation of our northern countries. It

comprehends the greater part of New York, New England, Vermont,

New Brunswick, Canada, the region of the lakes ; to this region New-

foundland belongs.

" In the state of New York, forest vegetation is of a heavy and

dense character ; which is owing to the predominance of certain

kinds of hemlock, spruce, fir. The black-spruce constitutes the

characteristic tree of this cold region ; it forms a third of the forests

in all the districts comprised between 44** and 53** north latitude.

" A great part of Long Island is covered with forests, of which

one-half is formed, according to Dr Timothy Dwight, of yellow-pines.

" The borders of Lake Huron are covered with gigantic forests of

planes, between the close ranks of which are seen groups of tamarask

or of American larch, ofpendulous larch, that frail tree which seems to

be an arborescent reed. All the vegetation of the borders of this lake

is of a more decidedly grand character than that of the other lakes.

The forests of Lake Erie are enriched with the sassafras-laurel, the

magnolia, the Cornus Florida, whose branches, adorned in autumn

with bunches of scarlet, agreeably diversify the sombre verdure of the

rest of the forest. The vegetation of Lake Ontario resembles that of

Lower Canada
;
yet we find there some characteristic species—Canada

poplars, the robinia, the lime, the resinous pine, and the red pine.
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Upon the borders of Lake Champlain, the sugar-maple, the balsam-fir,

the Virginian poplar, are equally remarkable.

" In the eavirons of the Falls of Niagara the t ulip-tree, the red

cedar, and the Canadian yew grow in great abundance ; whilst near

to Kingston, which is only seven miles from the cataracts, an immense

forest, composed of horse-chestnut ti-ees, has taken possession of the

soil to the exclusion of every other kind,

" Around Bloomfield, not far from Lake Canandagua, magnificent

forests of oak furnish the colonists with a valuable wood, and embel-

lish the slopes of the hills.

Throughout the district specified we have a rain-fall of 44, 40, 36,

32, and on one very limited spot so little as 28.

" When we advance into Canada, forest vegetation gradually

dwindles, and at length becomes quite stunted. We no longer meet

with any thing but little firs, dwarf birches, and lank poplars. This

is observed to the north of Quebec, and of the parallel of the Isle of

Manitoulin."

Within the line indicated we have a rainfall of from 32 to 44, the

latter being the rainfall at St. Johns, New Brunswick ; falling to 40

and 36 as we come nearer to the St. Laurence.

Thus does it appear that every observation made in North America

seems to tend to show a general accordance between the distribution

of the rainfall and of forests.

Something similar may be obsez'ved in the distribution of forests in

South Africa. In the Colony of the Cape of Good Hope all the existing

forests are found on mountain slopes following the convex curve of

the sea coast from the mouth of the Orange River on the west to

Port Natal on the east. The trees are comparatively few in number
on the Cedar-Bergen range, in Clanwilliam, but so numerous were

they formerly as to have suggested the name given to the mountains

;

they are more numerous on the Table Mountain range near Capetown

;

they appear in greatest abundance in the districts of the Knysna and
George ; but they abound also in Kaffraria and in the Trans-Kei

territory. This curve encloses an extensive inland district almost

destitute of trees, bounded on the north by a district crossing the

continent beyond the colonies, in which trees are more numerous,

connecting the forest lands of the east with forests on the west coast

further to the north.

Co- extensive with these forests, there is what may be called com-
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paratively a copious humidity of soil and climate ; while in the

districts in which there are none, the soil and the climate are com.

paratively dry. There have been described by Livingstone three

distinct meteorological zones in South Africa : the eastern, compre-

hending Zulu-land, Natal, Independent and British KafFraria ; the

central, comprising a portion of the elevated Central Basin of the

continent, and divided from the eastern by the Drakenberg, Malutis,

and other ranges ; and the western, including the Kalahari Proper,

the wastes of Namaqualand, and the wilds of Bushmanland—the

latter, situated to the south of the Orange Eiver.

The first of these is comparatively well watered, and there we find

extensive districts covered with ever-green succulent arborescent

herbs, and most of the extensive forests. In the second we find

comparatively little water, and forests disappearing. The third is

arid and sterile and barren in the extreme.

I have had occasion to cite the statement that " the prevalent

winds of most of the country thus divided are from the northeast.

Heavily laden with vapour from the Indian Ocean, the clouds, under

the influence of these easterly currents, are driven over the Zulu

territory. Natal, and Kaffirland, watering those lands luxuriantly; but

when the moisture-bearing nimbi arrive at the peaks of the mountain

ranges, not only have they parted with a large proportion of their

water, but they are then on the edge of the more arid central basin,

and begin to meet with the influences of the heated and naked plains,

under the radiation from the surface of which, and in an increasing

degree as the Bechuana tribes are past and the KdUhari is reached,

the clouds rise higher above the earth, the moisture evaporates in a

thinner vapour, and as a consequence fewer showers fall upon the hot

thirsty soil beneath.

*' The fnrther we journey from the Drakensberg eastwards, the

greater becomes the diminution of water.

" Leaving the mountains, the Lesuto or Basuto land, as it is called,

is without doubt the best watered portion of the central meteoro-

logical district, mainly, it is presumed, on account its being intersected

by the Malutis range. Towards this important section of country,

from November to April, the northeast winds blow from the shores

of Mozambique and the delta of the Zambesi immense masses of

cloud, which sweep heavily over the earth, darkening the sky, and

preceded in their course by dreadful peals of thunder. On reaching

the high land, the aerial lake is shut in by the huge table-headed

mountains ; as a consequence, a rapid condensation takes place, and
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then a veritable deluge ensues. In a few moments cataracts rush

from the mountain heights, the smallest and most thread-like rivulets

are transformed into torrents, and the rivers overflowing their banks

cover the plains : this sometimes lasts for days together (Casalis).

It is from the accumulation of these waters that the Lekoa, the

Caledou, and many other tributaries of the great Orange River, which

with slow and majestic course flows to the westward across the vast

plains of the centre of South Africa, take their rise. As the moun-

tains, however, merge into the plains, and these again into the

Kdldhdri, we are reminded by the gradual diminishing rivers of the

continual ai-idity of the soil, till we reach Great Namaqualand, where

the occurrences of periodically filled water-courses again testifies to

the descent of rain.

" In this latter district, however, as well as in the desert, rain falls

only from thunder-clouds. These rise from the northeast, and are

always hailed with delight by the inhabitants of those parched and

burning regions ; but they are partial in the distribution of their

precious treasure, the storms frequently passing over with tremendous

violence, striking both European and native with awe at their terrific

grandeur, while not a particle of rain descends to cool and fructify

the barren waste."

Thus do we find in Asia, in America, and in Africa alike, a general

accordance between the distribution of the rainfall and of trees.

Sect. II.

—

On the Distrihution of the RainfaU dependent on Geogra-

phical Position, being determined by the contour of a country.

Of two existing phenomena it is sometimes difficult to determine

what is the order of sequence in which they have appeared—which

is cause and which is efi'ect—or whether both be not consequences

of the same cause ; and this we may experience in view of the cor-

respondence between the distribution of the rainfall and that of

forests.

Whatever may be the effect of a copious rainfall on a mountain

side in promoting a growth of forest trees—and whatever may be the

eflfect of a forest there, in producing and maintaining an abundant

rainfall—it is the case that the configuration of a country, irrespective

of forests, exercises a considerable influence on the territorial distri-

bution of the rainfall.

The effect which may be produced by altitude alone on the dis-

tribution of the rainfall receives an interesting illustration from
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observations collected and published by M. Belgrand* in regard to

a wind-wave which passed over Europe towards the end of September,

1866.

This wave originated in America, on a line which extends from

Buenos-Ayres to the North Pole ; it traversed the Atlantic, and reached

England on the 20th September, and France, Belgium, and Holland

on the 21st. On the 22nd, it reigned at the same time over Nancy,

and over Paris. On the 23rd, it raged over the sources of the Seine,

and of the Loire, and extended to the Garonne. On the 24th, it

passed over Lyons ; its fury broke upon the St Bernard, from the

24th to the 26th; and from the 23rd to the 24th, upon the

Simplon.

On all the elevated places it poured out a quantity of I'ain equal to

about a fifth of the avei-age annual rainfall. On the contrary the

low-lying plains were almost everywhere spared ; England and Nor-

mandy did not receive a twentieth of the annual rainfall. Shielded

by the mountainous backbone of France, which stretches obliquely

from the Vosges to the Pyrenees, and as a watershed divides the

water between the ocean and the Mediterranean, Carcassonne, Mont-

pelier, Grenoble, Lyons, Bourg, and Bezangon did not receive any

extraordinary rainfall ; it did not rain at all at Strasburg, at Dresden,

at Munich, at Breslau—nor did it in Austria or in Italy. In Swit-

zerland, and even in Savoy the rain was not great, while Mont Blanc,

the Simplon, and the St Bernai'd received only 17 per cent, of the

annual rainfall,

There is much that is interesting in the study of the atmospheric

wave, sweeping along 1700 feet above the level of the sea, with a

stretch of wing, extending some 1200 miles and more, skimming the

high lying plateaux of France, and by a flight of 200 leagues a day

dashing itself against the summits of the Alps ; but it is to the dis-

tribution of the rainfall occasioned by it with which alone we have to

do here.

At the meeting of the British Association for the advancement of

science, held this year (1876) in Glasgow, Sir William Thomson

made a communication in regard to the production of the phenomenon

known as a " mackerel sky," which suggests an illustration of the

phenomenon under consideration.

Schoolboys amuse themselves sometimes with skimming flat stones

* Belgrand: Aooales des Fonts et Chausees. Sept. 1866.
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along the surface of smooth water. The same phenomenon is pro-

duced upon a greater scale when a cannon ball, aimed at a floating

target, strikes the water and rebounds into the air again and again

ere it disappears. I have often, at the Cape of Good Hope, seen

indications of the southeast wind advancing in waves, raising dust

where it seemed to descend and strike the ground, but leaving un-

disturbed alternate stripes over which it seemed to bound or rebound

at a higher level. Thus may it be with all currents, whether of

water or of air, descending and striking upon other matter, solid,

liquid, or gaseous, at an acute angle of inclination—as is indicated by

the undulations or waves raised by the breath on a cup of tea,

by the wind on a pond or placid stream, and by a storm upon

the sea. And, according to the supposition of Sir William Thomson,

a current of air striking upon a lower current, advancing in the same

direction but with less velocity, or advancing in another direction, or

upon a stratum of air in a state of quiescence,may rebound as does the

skimming stone or the rebounding cannon ball on striking the water.

And if the temperature of this current of air were near to that of the

dew-point, or point of saturation, when it rebounded to a higher

elevation, the temperature being thereby reduced, a condensation of

moisture would ensue ; but when the rebounding force was exhausted,

and it again descended to a lower level, it would acquire a higher

temperature, and the condensed vapour would be again dissolved in

the air, produciug the phenomenon of alternating stripes of cloud

and of sky.

It is to this difference in the power of air to sustain vapour in

solution at the different temperatures through which it passes at

different elevations that I refer as illustrative of the rainfall occa-

sioned by the wind-wave which has been spoken of. I have had

occasion to refer to an illustration of the same kind afforded by

the passage of the southeast wind over Table Mountain, producing

dense clouds and even drizzling rain on the mountain top, but the

clouds disappearing as the current pouring over the front of the

mountain reached a lower level but a higher temperature ; so is it

with the wind-wave deluging the mountains with rain but passing

over the lower-lying plains without any such effect.

Such wind waves, varying in their sweep and in their dimensions,

but essentially the same, are not of un frequent occurrence. Most of

those, of which the phenomena have been studied, have swept along

the surface of the earth and the ocean, and even they may have

2a
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produced or yielded a greater rainfall on mountains than on plains

;

as in passing over mountain elevations the temperature of the air

would experience a great reduction, and a precipitation of the

moisture they contained would follow.

And it may be the case that the presence or the absence of forests

on the mountain summits might affect within a limited range the

degree to which the temperature of the wave in passing over the

ridge would be reduced. So would a fire in a hunter's cabin ! So

would the huntsman's breath, and even the huntsmau's presence, and

every discharge of the huntsman's rifle ! But in the presence of

such meteorological phenomena as are under consideration all of

these are as nothing.

And as is the case in such occasional disturbances, so may it be,

and most probably it is, with the regular current of the atmosphere

passing over a mountain range in its course to the equator from the

pole, or striking upon a mountain top in its return to the arctic or

antarctic zone. The great change of temperature occurring in the

case cited made manifest in such a way as to arrest attention the

consequence of such a change in so far as it affected the rainfall

;

but any reduction of temperature below the dew-point would, in pro-

portion to its extent, produce corresponding effects. Such a reduction

of temperature frequently follows the passage of an atmospheric

current over a mountain range ; and to the altitude of the mountain,

so completely as almost to warrant the use of the term exclusively, is

the greater rainfall on the mountain attributable.

I have hesitated about using the term exclusively, not on account

of the influence which the circumstance of the mountain summit

being clothed or being bare of forests might have in somewhat, but

probably to an imperceptible degree, modifying the result ; but I

have done so on account of the influence on the rainfall exercised by

the contour of the mountain range.

This subject, the influence on the rainfall exercised by the super-

ficial configuration of a country, has engaged the attention of M.

Cezanne. From his sequel to Etude sur les torrents des Hautes-Alp^s,

I translate the following statement :

—

" When a rain-producing wind strikes against an eminence which

forces it to rise in the atmosphere, a double effect is produced : the

ascent of the air itself tends to a reduction of temperature, and con-

sequent condensation of vapour ; but besides this, the atmospheric cur-

rent turned from its course is subjected to friction against the cooled
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surface of the earth, aud the x-aia is, as one may say, mechanically

pressed out of the clouds. For these reasons, it rains more on the

headlands than on the exposed slopes ; but in the deep fiords of

Norway, a pluvial I'ain, sharply arrested by a wall of rock, deposits

immediately a maximum of rain.

" There falls annually at Bergen, 2 metres (80 inches) of rain ; at

Bourdeaux, only 719 millimetres (29 inches) ; at Nantes, 1 mfetre (40

inches) ; at Cherbourg, 830 millimetres (33 inches).

" On the coast-land of the Mediterranean, the rain-producing wind

blows from the east, or the south-east, in a vertical direction to the

wall of the Cevennes, upon which descend violent showers. There

falls annually at Marseilles, 512 millimetres (20| inches); at Tou-

lon, 505 (20 inches) ; at Nismes, 640 (26 inches) ; at Moutpelier,

770 (31 inches) ; at Viviers, at the foot of the mountains, 900 (36

inches); at Joyeuse, at the bottom of a valley, 1'300 millimetres

(52 inches).

" The reojion of the Jura gives as characteristic of the rainfall the

following figures: Lyons, 776 millimetres; Magon, 876; Bourg,

l*" 172; Syam, in the gorge, 1"^ 630.

" Some writers have erred in thinking that they may conclude,

from such and similar facts, that the quantity of the rainfall in a

place increases with the altitude of the place. Formulated thus, the

law is not correct ; and the phenomenon cannot be explained satis-

factorily. The phenomenon is mechanical as well as physical, and is

more intelligible when formulated thus : The pluvial rainfall is greater

in pre/portion as the atmospheric current arrested hy an obstacle is com-

pelled to rise more I'apidly. It is not then the altitude of a place

which is of most importance, it is the incidence with which the rain-

yielding wind strikes the slope which opposes it ; but the law regu-

lating this incidence it is not easy to determine.

" From what has been stated it comes to pass that in order satis-

torily to compare two rain-gauges it is necessary to take into account

their absolute elevation, and along with this the slope and configura-

tion of the mountain sides which support them. The following table,

in which are brought together several localities situated in the gorges

of the Jura, show that the altitude is not the dominating element

—

for the maximum of rainfall is far from corresponding with the

maximum of elevation :
—

*

* L^EveUU: Becherchea sur les inondation {annales de la Society cPagriculture

de Lyon, 1858).
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" Under the tropics, where prevail the trade-winds blowing from

the east, the lands which incline towards the east are inundated with

torrential rains : thus is it on the coast of Mozambique, and in the

basin of the Amazon. On the contrary, it almost never rains on the

western slope of the Andes. It is said that thunder has not been

heard at Lima three times in as many centuries.*

" In the Indian peninsula the eastern coast, or that of Coromandel,

is watered by the North-east Monsoon ; and the west coast, or that of

Malabar, by the South-west Monsoon.t

" When, after having climbed the slope of a mountain, the atmos-

pheric cun*ent, greatly relieved of its load, comes upon a platean, it

freely expands ; but its lowest layer, being in contact with the earth,

is alone reduced to a lower temperature. From which it comes to

pass that, from the same wind, a plateau, though more elevated,

receives less rain than the ascending slope, but receives more than

does the descending slope beyond.

" The summit of the elevation which separates the Ocean from the

Mediterranean supplies the following table :—

J

Region. Altitude—Metres. Eainfall—Millimetres.

West Slope (Toulouse), U8-50 632-7

Sutamit (Castelnaudary), 170-00 630-0

East Slope (Carcassonne), 113-00 757-3

" From this table it may be seen that the slopes receive a little

more rain than do the summits, and if it be borne in mind that the

summit gets rain—now from the east wind, now from the west

wind,—while Carcassonne, for example, does not receive it except

by the east wind, it is beyond a doubt that the summit receives

less rain from the same wind than is received by the two slopes

which are ascended by the pluvial current.

" On a very interesting hy^tographic chart, prepared by M. Delesse,

Ingenieur en chef des mines,
\\

it is seen that the plateaux of La Beauce

and of La Brie, subject to the influence of the west wind alone, present

a very manifest minimum. There falls at Chartres 540 millimetres, at

Meaux 400 millimetres of rain annual ly.

" La Burgogne forms, as is known, a basin which stretches itself

* Bevieu : TJieorie de la plui^ [Annuaire de la SocUU Tndteorologique de

France, (1866) tome XIV.)

f Lamairesse (annales despont et Chaussees, October 1869).
'

I Baulin : Observations Pluviometriques.

II
Deiesae : Distribution de la Pluie en France (Bulletin de la SocHU de

gwgraj^Ue Aon, 1868.)



278 RELATION OF FORESTS TO THE

from North to South, between the walls of the Forez and of the

Jura. This basin is crossed by the west wind, which distributes its

rain in such a way as to give clear testimony to the influence of

mountain elevations. *

Regions. Mean of observations.
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low-lying lands or places near the coast. And when one observes the

distribution of the rainfall over the ramifications of the same valley,

the phenomena become still more interesting. The basin of the

Seine is particularly suited for this study, since it is regular in form,

largely open to pluvial winds, and more especially since M, Belgrand,

who has explored it in its every part, has made us acquainted with

his scientific investigations.*

" Near the sea, at the lighthouse of Fatonville, there falls annually

799 millimetres of rain. From this point to the valley of the Oise

the plateau maintains perceptibly its level ; in consequence of this

the quantity of the rainfall diminishes in proportion as the pluvial

current advances from the sea. The average sinks to 580 milli-

metres in the valley D'Oise, and to 575"6 millimetres at Paris ; but

it re-increases from that point as the land itself rises : it amounts to

656 millimetres at Hirson ; towards the Ardennes, at the altitude of

196 metres ; and to 1570 millimetres at the Settons, on the height of

the Morvan, where the altitude is 596 metres.

" It is remarked that it rains more in valleys than on elevated

plains, because the atmospheric current follows by preference the

deep depressions which cut up the plateaux, in the same way as on

the flat bottom of a valley levelled by an inundation, the current by

its tumultuous waves still marks out distinctly the line of the old

thalweg.

" But M. Belgrand, however, has established as a fact that the

pluvial current does not go up indifferently every valley ; it passes

bye the valley D'Oise, and ascends by preference the valley of the

Seine, and by that of the Yonne, which in going up from Montereau

is a direct continuation of the first.

** Even at Paris the hill of Montmartre divides this current, which

bifurcates as does a river around a pier of a bridge ; the pluvial

wind passes by preference behind the hill, and La Villette receives

more rain than does Paris. Thus each valley receives more rain in

proportion as it is set towards the atmospheric current which brings

the rain."

Other observations not less interesting are adduced by M. Cezanne,

illustrative of an influence on the distribution of the rainfall beinar

exercised by the contour of a country.

In illustration of the same thing, M. Eaulin, Professeur li la

* Belgrand : Regime de la pluie dans le basin de la Seine (annales des Fonts

et Chaui6es. 1865).
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FacuUe de Bourdeaux, has given the following note as a contribu-

tion to the researches of M. C6zanne :

—

"In 1868 and in 1869 I established as a fact that in Northern

and Central Europe, and in Siberia, on to Kamschatka, there had

been a predominance of rain during three months of summer, the

more marked as we advanced farther to the east, while in the region

of the Mediterranean there had been a sparsity of rain during the

same season.

" It is interesting to investigate what is in France the pluvial regime

of the lofty chain which separates tlie two great orographic or

mountain-bound basins of northern and of southern Europe; and this

I shall now attempt to do by means more especially of observations

made by the Service des Fonts et Chaussees, which the Ingeiiieurs en

Chef of the Alpine Departments have had the kindness to communi-

cate to me.

" It might naturally be supposed, a priori, the northern regime

having summer rains so copious and predominant on one hand in all the

plains of Switzerland, and on to Lyons ; and on the other hand in the

Lombardo-Venetian plain of the Adriatic, on to that of Milan,—that

this regime would be continued in the equally cold high mountains of

the western branches of the Alps, which stretch from Mont Blanc in

the south to Nice and Draguigan ; but it is not so.

" In the high southern summits at the Great St Bernard, even there

the Mediterranean regime is deplored, and it is matter of complaint

that the rains of summer are scarcely two-thirds of those of spring,

which exceed somewhat those of autumn ; and this poverty of atmos-

pheric moisture in summer goes on progressingly increasing in pro-

portion as advancing from that northern station one approaches to

the Mediterranean.

" In the High Alps, at Briangon, the rains of spi'ing prevail still

more, being more than double those of the summer ; on the other

stations of the department, Gap and Serres, and also at Die on the

Drome, the rains of autumn reach on an average double the measure

of those of summer.

" In the Lower Alps, at Barcelonnette, Digne, Castellane and

Manosque, the difference between the quantities of the rainfall in

summer and in autumn is still greater : it is the same on the

plateaux from Var to R^gusse.

*' At Valences, at Yiviers, at Orange, at Avignon, the spring rains

still predominate, but they are greatly exceeded by those of autumn.

" On the coast from Marseilles to Toulon, Hy^na and G6nes, the
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rains of spring are frequently less than those of winter, the quantity

of which is greatly exceeded by that of the autumn rains.

"The Mediterranean re^me, thus characterised, clears the Appennines

and extends itself into the southern portion of the plain, from the Po

to Parma and to Guastalla ; but already at Bologne, and in the

northern part at Padua and Milan, and in Piedmont at Turin and

Yvree, the northern regime is again found characterised there as at

Geneva by a constant augmentation of the quantity of rain in winter

and in autumn.

"On the circumference of the western branch of the Alps, the pluvial

region presents a great difference, such as has already been referred to.

On the plain of Switzerland, and on its prolongation to the south-west,

from Zurich to the confluence of the Rhone and the Is6re, it is the

northern regime which most prevails, with a preponderance of summer

rain at Zurich, exceeded by that of autumn rains at Geneva, at

Chamb^rg, at Lyons, and even at Annonay and Tournon (Ardeche).

But it is seen suddenly to change and to pass completely into the

Mediterranean regime in the valley of the Rhone, from the point at

which it passes the confluence of the Isfere."

There is given a tabulated statement of observations made on the

coast of the Mediterranean throughout the year from 1851 to 1866;

on the basin of the Rhone from 1853 to 1860 ; and on the basin of

the Durance from 1856 to 1866 ; with the names and the altitudes

of the stations at which they were made, which gives evidence of the

facts stated. The stations included in the table, with the respective

altitudes are the following :—On the sea-border of the Mediterranean,

Marseilles, Toulon, Hy^res, Genes and Regusse ; in the basin of the

Rhone, altitude 40 metres. Valence 113, Lyons 295, Chamb^rg 305,

Geneva 387, Die 413, and Great St. Bernard 2491 ; in the basin of

the Durance, Manosque, altitude 370 metres, Digne 639, Serres 662,

Gap 740, Castelane 786, Embrun 870, Barcelonne 1173, and Brian-

9on 1305.

And M, Raulin goes on to say :
—" As regards the quantity of rain

which, upon an average, annually falls on the ground in the Western

Alps, there are great differences between diff"erent stations. That

of the Great St. Bernard, the most elevated, receives the greatest

quantity of water.

" In the High Alps, and in the Lower Alps, the quantity mucli

less considerable goes on, in general, increasing in proportion as the

stations are less elevated, as is also the case from Brian^on to Die

(Dr6me) and from Barcelonnette to Regusse (Var).

2h
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Altitude in Metres.
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Such a distribution of the rainfall is evidently attributable

primarily to geographical situation, and thus may it be with the

rainfall generally. But the observations of M. Cezanne and of M.

Raulin seem to show that irrespective of forests the distribution of

rainfall dependent on geographical position may be determined by

the contour of a country. And when, in view of this, we look to the

correspondence between the distribution of the rainfall which has

been adverted to, we see no necessity for concluding that it has been

the existence of the forests which has determined the corresponding

distribution of the rainfall in the places cited, as that seems to

exercise a much more powerful influence than this can.

Sect. III.

—

On the Bistribiction of Forests Affected by the Distribution

of the Rainfall.

The general accordance between the distribution of forests and the

distribution of the rainfall on the earth's surface, detailed in the first

section of this chapter, naturally suggests, as has been stated, the

enquiry. Can they be consequences of some common cause? or is

this general accordance only an incidental coincidence ? or are they

connected together as being one of them the effect of the other as

the cause or the occasion of its appearance % And if so which of them,

the distribution of the rainfall or the distribution of the forests, which

is the cause and which is the effect 1 To what extent is the one the

cause or occasion of the appearance of the other 1 and may not that

which may appear to be the effect have a reflex influence upon that

which appears to be the cause or occasion of the other 1

Such is the question raised, and I have adduced evidence to show

that the distribution of the rainfall dependent on geographical

position may be determined in a great measure by the contour of a

country, the elevation and the configurations of its mountains, its

valleys and its plains, irrespective of whether it be clothed with

woods or altogether devoid of these ; and in a preceding section

I have stated my opinion to be that the distribution of the rainfall

may primarily have determined the distribution of the forests, but

that the forests once established may have exercised an important

influence on the distribution of the rainfall.

It is stated by Mr Marsh :
" There is good reason to believe that

the surface of the habitable earth, in all the climates and regions

which have been the abodes of dense and civilized populations, was,
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with few exceptions, already covered with a forest growth when it

first became the home of man. This we infer from the extensive

vegetable remains—trunks, branches, roots, fruits, seeds, and leaves

of trees—so often found in conjunction with works of primitive art,

in the boggy soil of districts where no forests appear to have existed

within the eras through which written annals reach ; from ancient

historical records, which prove that large provinces, where the earth

has long been wholly bare of trees, were clothed with vast and almost

unbroken woods when first made known to Greek and Roman civiliza-

tion ; and from the state of much of North and of South America, as

well as of many islands, when they were discovered and colonized by
the Eui-opean race.

" Whenever a tract of country, once inhabited and cultivated by

man, is abandoned by him and by domestic animals, and surrendered

to the undisturbed influences of spontaneous nature, its soil sooner or

later clothes itself with herbaceous and arborescent plants, and, at

no long interval, with a dense forest growth. Indeed, upon surfaces

of a certain stability and not absolutely precipitous inclination, the

special conditions required for the spontaneous propagation of trees

may all be negatively expressed and reduced to these three : ex-

emption from defect or excess of moisture, from perpetual frost, and

from the depredations of man and browsing quadrupeds. Where
these requisites are secured, the hardest rook is as certain to be over-

grown with wood as the most fertile plain, though, for obvious reasons,

the process is slower in the former than in the latter case. Lichens

and mosses first prepare the way for a more highly organized vegeta-

tion. They retain the moisture of rains and dews, and bring it to

act, in combination with the gases evolved by their organic processes,

in decomposing the surface of the rocks they cover ; they arrest and

confine the dust which the wind scatters over them, and their final

decay adds new material to the soil already half formed beneath and

upon them. A very thin stratum of mould is sufficient for the ger-

mination of seeds of the hardy evergreens and birches, the roots of

which are often found in immediate contact with the rock, supplying

their trees with nourishment from a soil deepened and enriched by

the decomposition of their own foliage, or sending out long rootlets

into the surrounding earth in search of juices to feed them.

" The eruptive matter of volcanoes, forbidding as is its aspect, does

not refuse nutriment Lo the woods. The refractory lava of Etna, it is

true, remains long barren, and that of the great eruption of 1669 is

still almost wholly devoid of vegetation. But the cactus is making
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inroads even here, while the volcanic sand and molten rock thrown

out by Vesuvius soon become productive. Before the great eruption

of 1631 even the interior of the crater was covered with vegetation.

George Sandys, who visited Vesuvius in 1611, after it had reposed

for several centuries, fouud the throat of the volcano at the bottom of

the crater ' almost choked with broken rocks and trees that had falne

therein.' * Next to this,' he continues, ' the matter thrown up is

ruddy, light, and soft : more removed, blacke and ponderous : the

uttermost brow, that declineth like the seates in a theater, flourish-

ing with trees and excellent pasturage.- The midst of the hill is

shaded with chesnut trees, and others bearing sundry fruits.'
"

A.nd Mr Marsh adds in a foot-note :

—
** Even the volcanic dust of

Etna remains very long unproductive. Near Nicolosi is a great extent

of coarse black sand, thrown out in 1669, which, for almost two

centuries, lay entirely bare, and can be made to grow plants only by

artificial mixtures and much labour.

" The increase in the price of wines, in consequence of the diminu-

tion of the product from the grape disease, however, has brought

even these ashes under cultivation. ' I found,' says Waltershausen,

referring to the years 1861-62, 'plains of volcanic sand and half-

subdued lava streams, which twenty years ago lay utterly waste, now

covered with fine vineyards. The ashfield of ten square miles above

Nicolosi, created by the eruption of 1669, which was entirely barren

in 1835, is now planted with vines almost to the summits of Monte

Rosso, at a height of three thousand feet.'

—

Ueber den Sicilianischen

Ackerbau, p. 19."

I accept as probable the statements which have been cited in re-

gard to the tendency of trees and arborescent shrubs, in common with

other vegetables, to diffuse themselves extensively, and in the struggle

for life to retain possession of the soil ; but there are conditions

essential to their success in doing so, and one of these is an adequate

supply of water, not in excess, and varying with varying require-

ments. An excess of water may prevent vegetation,—it may pre-

vent germination, prevent vigorous growth, prevent the formation

of flowers and the maturation of fruit ; and a deficiency of water at

any corresponding critical period may have the same eff'ects. There

are general laws in accordance with which is governed the distribution

of all vegetables, and the consideration of some of these laws may
make this manifest.

We may study the phenomena in the growth of mould as well as

in the growth of a forest, and find some advantage in doing so.
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If a little decaying cheese, a decaying orange, and a decaying pear

be exposed to the air they may be found after a time covered with

mould ; and microscopic examination will show the three moulds to

be diffei'ent each from the others. How may this be accounted for ]

Observation fails us ; we are thrown upon reason. Nobly have several

students of natural history endeavoured to extort from Nature an

answer to the question—How do germs first originate 1 and Nature,

ever truthful, has truthfully replied to her questioners, but the reply

has always shown that the question was not so expressed as to elicit

by an explicit answer to it the information which was desired. It is

thus that I look at the experiments which have been made in con-

nection with what has conventionally but unscientifically been called

spontaneous generation. And whilst awaiting patiently, and with

deep interest, the devising and application of a testing experiment

—

which shall finally close all controversy-^I take up the question I

have stated : How has the mould been produced, and that in three

difi'erent forms 1

There are three solutions of the problem which at once offer them-

selves ; and these are not necessarily antagonistic to each other : it

may be the case that each and all of them may be correct. It may

have been the case, for aught we know to the contrary, that by

chemical action, or this in some one or other of its correlated forms,'

the decomposed organic matters which were the subjects of experi-

ment have been resolved into the germs of these moulds ; it may, for

aught we know to the contrary, have been the case that there were

germs of mould floating in the atmosphere, which alighted on the

decaying cheese, orange, and pear, and there germinated, the difi'erent

forms they took being determined by differences in the conditions in

which they were placed on these different substances ; or it may have

been the case, for aught we know to the contrary, that germs of all

the three species of mould, and many germs of other genera of organic

structures were floating in the atmosphere, but of these only those

which found in the decaying masses an appropriate soil and con-

dition of growth germinated there, and grew and brought forth fruit.

These several suppositions are not necessarily antagonistic ; but

the last is the only one in entire harmony,—or, if that form of ex-

pression be deemed too sweeping, the one most in accordance,

—

with what has been observed in regard to the diffusion of more

highly organised vegetable forms.

It is of these I have to speak, and I employ what has been said not

as an argument but as an illustration.
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To allay suspicions and fears which may arise in some minds, but

which I consider groundless and unnecessary, I may state that the

underlying question does not relate to the existence of what may be

called a personal Creator, though that question may legitimately be

engrafted upon it ; but it relates solely to the mode of creation—the

wonderful workings of the Creator in clothing the earth with diversi-

fied forms of vegetation ; and further, that it takes not up the

question of evolution and development, which has disturbed many
of the Christians of our day—as did the discovery of the earth's

motion, by Galileo, disturb many of the Christians of his day,—but

it takes up only the question of the distribution of existing species of

plants, in whatsoever way these have been produced.

We do not find the pear mould growing on the cheese, nor the

cheese mould on the orange, nor the orauge mould on either. Each is

confined to it own habitat. Neither do we anywhere find all kinds of

plants growing intermixed on the same bank. In different places we

may find many diff'erent kinds of plants growing intermixed, but the

plants so intermixed in their growth are diff'erent in different places.

There are some plants which are widely distributed. With others

it is otherwise, they are confined each to some one locality. Of the

former, we have examples in the silver weed (Potetitilla aiiserina),

in the goosegrass or cleavers (^6^aZmm ajoen'mej, in the square-stalked

willow herb (E2nlohium tetragonum), in the water starwart (Calitriche

verna), and in the daisy [Bellis ^;ere?i?^^'s); of the latter, we have

examples in the Scottish primrose (Primula Scottica), which is found

only in the north of Scotland and the Orkneys, in the Pride of

Table Mountain (Disa grandiflora), which is found only on the

mountain at the Cape of Good Hope, whose name it bears, and in the

Kerguelens-land cabbage (Pringlea antiscorbutica), which is found

growing on an island most remote from any continent, and which,

besides this esculent, yields only seventeen other flowering plants.

Again there are some plants which you never find excepting near

the sea ; others which you never find excepting on marshy ground
;

others which you never find but in Alpine regions. There are some

plants which ai'e never found growing wild excepting in the tropics,

and others which cannot be reared there even by artificial culture.

There appear to be, at least, three determining conditions of the

distribution of plants : heat, moisture, and soil. I say, at least three,

for I think there are others, such as atmospheric pressure, &c, ; and

the modifications of these three, and the combinations of these
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supply an indefinite variety of conditions only some of which will

secure the germination, fructification, and continued reproduction of

any one or more kinds of plants.

Seeds are dispersed widely by the wind and rivers and ocean

currents, by man and bird and beast ; but in order to germination

there is required for each, within a definite range, heat and moisture

and shade ; in order to growth there is required, it may be, some

other measure not less definite of moisture and heat and sunshine,

and along with these a soil containing certain constituents for each,

in a definite state of disintegration, and in definite states of combina-

tion ; in order to the flowering, and again in order to the fruiting, and

yet again in order to the consei'vation of the seed in the soil, on until the

period of germination, there ai'e required a succession of definite

varying measures of heat and sunshine and moisture : the range of

each may be more or less considerable, but still it is limited by ex-

tremes beyond which it cannot pass without fatal effects to the re-

production of the plant.

If the seed have decayed before reaching the spot where it finally

rests, if there it be eaten by bird or beast, or if the germ be destroyed

or be consumed by some insect, it will never germinate. If through-

out the various stages of growth and reproduction which I have

referred to, and the intermediate stages connecting these, there be at

any time too much moisture, or too little, too much heat or too

little, too much sunshine—for the effect of this is not confined to

the production of heat alone—or too little, the plant—be it herb, or

grass, or bush, or tree—will not be reproduced ; and be it noted the

definite measure of heat and moisture and sunshine are not the same

throuo-hout but vary in a definite order of progression ; and should

these fail at any subsequent period, at any point of the progression,

this will be fatal to the continued i-eproduction of the plant, be it

grass, or herb, or bush, or tree.

Did occasion serve I could produce illustrative cases in point.

And it begins to appear that if, when the seed of a tree was borne

to any spot by the winds, or by the waves of the sea, or by the cur-

rent of a stream, or by bird or by beast, there was on that spot

either excess or deficiency of moisture the seed would not germinate.

Other pre-requisites there are, but with these others these. To many

seeds the stagnant pool and the arid sand would be equally fatal, but

the rainfall evaporating and draining off by infiltration and ruisselle-

meni all in excess of what the soil could retain by its hydroscopicity

and capillary attraction, would supply the very amount of humidity
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required. But fresh supplies varying in quantity with the requisites

of the seedling, the sapling and the tree, and with the requisites of

the tree at the period of flowering, of the setting of the fruit, of the

maturing of the fruit, and of the casting of the seed, are needed. These

the parched land could not supply, neither could the snow covering

the mountain summit, nor the marsh in the valley below, though the

rain failing on the mountain side, with its excess drained off before

it could damage, and its supply from time to time renewed, might to

some extent determine the primary distribution of forests clothing

the mountain side ; and while other kinds of trees perished there,

they might find the conditions of their growth in the moister land

below, kept moist by the rainfall, and the drainage of the rainfall,

from a higher level, or on the banks of streamlets and rivers fed by

this rainfall and dependent thereon for their continuous flow.

We need not to take up, in connection with this subject, the

question, Whence come the seeds 1 But there is another question,

nearly akin to this, which suggests itself, and which finds in con-

nection with the subject under consideration a ready answer : Might

not other seeds besides those producing the forests also find their way
thither ] They might and so might seeds of trees ; find their way to

plains where grow only herbs and grass ; and where now grow the

trees there may grass and herbage, as well as moss and fern have

formerly flourished ; and on the arid plains seedling trees may have

appeared again and again but only to perish in all the leaves of their

spring. And to the rainfall may be attributed the limitation as well

as the determination of the distribution of each.

It has been intimated by a writer, quoted in the preceding section,

that much depends on the distribution of rain in time as well as in

space.

From what has been advanced we may infer that of the seeds of

grasses, of herbs, and of trees alike, falling anywhere, like the mould

germs alighting on the cheese, the orange, and the pear, those only

which found there all the appropriate conditions of germination, growth

and reproduction would there flourish and be reproduced, and any

failure of the requisite conditions, occurring at any time, would

prove fatal to them. An appropriate supply of moisture is one of

those conditions. Under artificial culture we may see a plant damp
ofi", turnips braird but never come to maturity, and a seeding tree

perish from drought : thus may seedling trees have perished on the

plain, a consequence of the distribution of the rainfall, and in the

2i
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accouut which has been given of the geographical distribution of

forests in India, mention is made of forests near the bed of a river

frequently perishing, through that river changing its course ; all of

these are occurrences indirectly connected with the distribution of

the rainfall. But while the trees perished, the herbage and the grass

flourished ; and it is the converse of this which we see in the growth

of the forest, where, it may be, lichen and moss, and fern and sedge,

and grass and herbage, had successively, alone or conjointly, held

for a time exclusive possession of the field.

In further elucidation of this subject it may be mentioned that by

many it is held that, apart from all that has been alleged in regard

to evolution and development, there is a natural succession of plants

following each other in the occupation of the same ground, the homo-

logue of the natural succession of animals which have inhabited the

world, specified in Genesis as water animals and winged fowls, cattle

and creeping thing, and beast of the field and man,—and a struggle

for the possession of it between plants and possession by immigrants :

the homologue of man's replenishing the earth and colonising with

immigrant families lands previously peopled by other I'aces And

both in connection with the natural succession and with the succes-

sion by immigration the distribution of rainfall has its function.

It is frequently alleged that the order of natui'al succession is some-

thing like this : the germ of a lichen, falling upon a rock or stone, it

may be, being moistened by rain, or dew, or a little water lying there,

germinated, produced other germs, and died. Some generations did,

it may be, the same, produced other germs, and died ; subsequently,

it may be ages later, the germ of a moss, or of some other more

highy organised vegetable structure, fell there, and found in the

remains of decayed lichens a soil and the conditions favourable to its

germination and growth and reproduction, and more favourable to its

continued reproduction than to that of the lichen, and ultimately it

obtained and maintained exclusive posssssion, it may have been for

ao^es, until some other germ or seed of some vegetable holding a still

higher position in the gradation of organic structures—a fern, it may

have been, a grass, a daisy, or some other herb, or all of these in

succession fell there, until at length on the accumulating soil there

appeared in succession, or in contemporaneous growth, a mass of

mixed and tangled vegetation, requiring only to be subdued by man

to make the soil composed of mineral constituents and decomposed

organic matter bring forth " fruits of increase" and " herbs meet for

them by whom it is dressed."
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I do not like the expression " struggle for possession " being applied

to vegetation ; I prefer making use of the corresponding expression,

" survival of the fittest " but the expression " struggle for possession
"

has come into more general use.

In illustration of what has been likened to a struggle for possession

between immigrants and earlier settlers, let me refer to what may

sometimes be seen, in our own day, on a flowery bank of one of our

hedge-rows, or by the side of a country walk. Let it be supposed

that the case is one in which the flowers consist mainly of dog violets

and of pansies in equal proportion. Any other plants would equally

serve for illustration ; these are selected of design. If such a bank

were revisited, after some years of absence, it might be found as

flowery as ever ; but the flowers would not be all of the same kinds,

in the same proportion, as before. Amongst other changes, it may be

that either the pansies or dog-violets would have disappeared, and

the species remaining would be more numerous than either were.

By transmutation or development 1 Oh, no ! not at all ; but thus :

the soil exposure, heat, and moisture could scarcely fail to be more

adapted to the requirements of the one than to those of the other :

in an infinitely minute degree it might be, but still the diff'erence

was there; and even if the quantity of seed cast by each plant

should have been precisely equal, this infinitely minute difference of

adaptation would sufiice to bring about the change.

I shall magnify the effect to make it more apparent. If there

were a hundred plants of each when first observed, in the year

following there might be 105 of the one and only 95 of the other;

in the year after there would be the progeny of 105 plants of the one

and the progeny of 95 of the other less favourably situated species,

and this might present us, not with 110 of the one and 90 of the

other, but perhaps 112 of the one and 88 of the other ; and the dis-

proportion in years following would go on increasing in a corre-

sponding accelerating ratio. And indications of something like this

having occurred in forests have been observed : a forest of mixed

trees giving place to one of uniform production. And thus may the

successions have occurred, while the seeds of trees which had not

germinated lay dormant, awaiting their time to germinate whenever,

in the changes accompanying progressive desiccation, the dominating

trees should succumb, and they be able with greater success to take

their place.

From a work by Vaupell we learn that the earlier forests of Den-

mark were composed of birches, oaks, firs, aspens, willows, hazel and
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maple, the first three being the leading species, but these have now
been succeeded by the beech, which at present is the tree which

greatly predominates. It is a tree more inclined to be exclusive

than any other broad-leaved tree, but it is being encroached upon

again by the fir. And is there not a cause 1 There is ; and Vaupell

seems to consider that man is unconsciously—and to his own dis-

advantage—helping forward the encroachment of the Goths and

Vandals on the nobler races at present in possession. And the views

advanced by them may subserve our present aim.

In regard to the removal of fallen leaves he remarks :
—" The

removal of the leaves is injurious to the forest, not only because it

retards the growth of trees, but still more because it disqualifies the

soil for the production of particular species. When the beech

languishes and the development of its leaves is less vigorous, and its

crown less spreading, it becomes unable to resist the encroachments

of the fir. The latter tree thrives in an inferior soil, and being no

longer stifled by the thick foliage of the beech, it spreads gradually

through the wood, while the beech retreats before it and finally

perishes." And in connection with this he adverts to the fact that

" The leaves belong to the soil. Without them it cannot preserve its

fertility, and cannot furnish nutriment to the beech. The trees

languish, produce seed incapable of germination, and the spontaneous

self-sowing, which is an indispensable element in the best systems

of sylviculture, fails altogether in the bared and impoverished soil."

Thus may the succession of firs to beeches, if it should ultimately

occur, be satisfactorily accounted for. And in a corresponding way

may some of the previous successions of different kinds of trees be

accounted for : I say not in the same way but in some corresponding

way ; and in some corresponding way may much of the grass and

herbage which previously covered the forest gi'ound have given way

to the forest trees, not because the conditions were absolutely un-

favourable to them, but because being also favourable to the growth

of trees, and perhaps comparatively more so, or otherwise simply in

virtue of their more sturdy constitution, these having gained a footing

maintained it, and the others were overpowered. Now one of the

conditions determining this was a particular distribution of the

rainfall both as to time and space, which was essential to the

growth of the trees which then existed, and but for whch the grass

and herbage would have been left in undisturbed possession.

Such is in part the effect of the distribution of the rainfall on the

distribution of forests.
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Sect. IV,

—

On the Local Effects of Forests on the Distribution of the

Rainfall within the Forest District.

While the primary distribution of forests appears to have been

determined by the general distribution of the rainfall, forests appear

to influence the subordinate distribution of the rainfall, both in time

and space, over the forest district ; and irrespective of this, though

connected therewith, they exercise an important influence on the

disposal or distribution of the rainfall within the district in which

they exist.

The most manifest of the effects of forests on the rainfall is that

which they exercise upon the distribution of it after it has fallen.

Of the water which falls as rain a portion is evaporated, a portion is

absorbed by the ground, and a portion immediately flows back again

toward the sea ; each of these is the complement of the others, and

their proportions vary under varying conditions; previous to the

growth of forests the rush was impetuous ; subsequent to the growth

of forests it is restrained. What was then allowed to run to waste,

like the extravagant expenditure of the prodigal, is now husbanded,

as is the income of the typical pater-familias.

Cezanne, speaking of the whole series of phenomena brought under

review by him in treating of this efi'ect of forests in connection with

geological changes, says in a passage I have cited in a volume on
" Reboisement in France "

:

—

"There may be given in a few words a resume of the whole series

of these phenomena.

" The mountains are the result of a series of upheavals followinty

one upon another in the same region. A final agitation gave to the

different chains of these the existing elevation ; it elevated the

summit and opened up deep fissures or divisions, which have become

the valleys of the present time. From the time this occurred the

waters began to fashion the thalwegs, following the line which best

suited them ; wearing down outlets and filling up basins. It is

necessai-y to admit, or to assume, that the depth or thickness of

the alluvial deposits in the bottom of certain valleys—for instance,

those of the Isfere in the Graisivaudan, or of the Rhine in Alsace,—is

to be reckoned by hundreds, and perhaps by thousands, of metres or

yards ; for even yet certain lakes existing in depressions of the Alps

have their bottom below the level of the sea.

" After a long series of ages the mountains assumed the leading
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features which they now exhibit, when, the climate changing, great

glaciers can'ied on actively the work of erosion ; these have planed

away escarpments, and fashioned into something like horizontal lines

the rocky belts of the valleys.

" Debdcles, or inundations, from the escape of the waters of pent-

up lakes, and deluges resulting from the tremendous rains of summers

on the extensive fields of ice, have carried away and deposited in the

principal valleys in certain favourable places, but more especially at

the debouches of lateral gorges, the masses of loess which have

formed cones in the higher plains, and in which the water-courses

have subsequently dug out the secondary valleys,

" At a later period, after the melting away of those glaciers, the

torrents seized upon the bared mountains ; and without restraint they

have dug out their basins, and have again taken up the materials

disintegrated by the glaciers, and deposited these in the gigantic

cones which give to certain regions a physiognomy peculiarly their

own,

" But after a time the forests, spreading by degrees, stifled the waters

under a mantle of verdure ; the torrents became extinct,—an era of

peace and of comparative quiet supervened in the mountains ; then

the tribes of men, who during the glacial period rambled over the

low-lying plains, in company with the reindeer, the aurochs, and the

bears, began to spread themselves in the high-lying valleys. The

most ancient settlements were made at the gorges of the torrents,

towards the summit of the cone ; in point of fact, there are to be

found in the mountain valleys very few of these gorges in which we

do not meet either with an existing village or with an ancient ruin.

" In this location, which was then one favourable to their pursuits,

the primary inhabitants could profit by the exceptional fertility of the

cone of deposits ; they had nothing to fear from the principal river,

which flowed through the lower-lying lands, nor from the torrent,

which was then extinct; they commanded the plain, and found

themselves at the gate of the mountains ; the adjacent goi-ge

supplied them with water, the forest supplied them with wood, the

rock supplied them with stone, and their flocks spread themselves

over the verdant ridges around them.

" Little by little, a reckless use of the forests and of the pasturage

disturbed the equilibrium of the natural forces; and now the old

sore is re-opened, and anew, by man's deed, the mountains are

inoculated with the leprosy of the torrents. The evil has gone on

increasing during prolonged ages of disorder and recklessness; the
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position of the cultivated grounds, and of the villages established at

the debouches of the torrents, has now become critical in the extreme
;

and unless we go back, as we have done, to the olden times, we are

unable to account for men having taken up their dwelling in the

spots, of all others, which at this day appear to be those which are

more immediately threatened.

" But at last an era of reparation begins ; and, thanks to the

eminent men who have in bygone years given their mind to the

work, the next generation may hope to see the final decline of the

modern renewed Torrential Era."

Views similar to the views thus advanced by C6zanne are advanced

by Costa de Bastelica, with this difference that he considers even the

mounds of detritus attributed to glaciers have been also the products

of torrents, which have become extinct under the effects of the

forests.

In illustration of how the forests may have operated, in those pre-

historic times, in arresting the flow of the rainfall, I adduce the

following, the type of many others which I have brought forward in

the volume referred to. It is from a paper which appeared in Revue

des Ea^ix et Forets, for April 1866.

" The State possesses, in the department of Vancluse (says the

Forest Conservator, Labuissifere), a forest of more than 3000 hectares,

situated on a portion of the mountain Luberon nearest to the valley

of the Durance. This region is very much cut up, and traversed in

all directions by very narrow and deeply embanked ravines in the

midst of masses, more or less dense, of Aleppo pines and green oaks.

" These ravines are almost the only outlets for the transport of

woods, in consequence of the difficulties which would be encountered

and the expense which would be incurred in making more practicable

ones on the rapid declivities, strewn with enormous masses of rock.

There exists one so situated, called the Eavine de Saint-Phalez.

The direction is from north to south, in the midst of a mass of Aleppo

pines in a state of growth more or less compact.

" Its length, and for four kilometres, or from the road from

Cavaillon to Pertuis, to the domain of Saint-Phalez, of an area of

about 50 hectares, forms the bassin de reception of the torrent.

" This land is well cultivated ; there are no declivities too steep for

cultivation ; it comprises vineyards, meadows, and arable land ; the

soil is argillaceous

" The ravine of Saint-Phalez receives many affluents, the most
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important of which is that of the Combe d'Yeuse, which joins it near

the summit, where are some hundred metres of the cultivated grounds

of which I have spoken,

" The Ravine de la Combe-d'Yeuse is of much less considerable

length than that of Saint-Phalez ; it is scarcely two kilometres. It is

strongly embanked, surmounted by steep declines, covered with green

oaks of eight or ten years growth and with Aleppo pines of different

ages. Its bassin de reception, of about 250 hectares (or 113 acres),

comprises the whole slope, precipitately inclined, with a general

southwest aspect ; it is closed at the top by a deep bed of rock cut

into peaks of the most imposing aspect.

" The geological formation is absolutely the same, as are all the

other conditions, at all the points which I have examined. In no

part is to be seen either spring or appearance of humidity ; no water

is seen excepting at the time of storms or great rains, and this water

soon passes away, with the diflFerences which will afterwards be men-

tioned. At all other times these ravines ai*e of a desolating aridity.

" In the night of the 2d or 3d of September, 1864, there fell a

rather abundant rain over all this portion of the mountain. In the

morning the argillaceous grounds of Saint-Phalez were saturated, of

which evidence was found by anyone attempting to cross them. The

ravine of Saint-Phalez, the receptacle of the surplus water, had flowed

but slightly ; that of the Combe-d'Yeuse remained dry.

" The day of the 4th September was very warm ; a water-spout

borne along by a southwest wind struck on the Luberon. Its passage

did not last more than forty minutes ; but scarcely had it come when

the torrent of Saint Phalez became awful. Its maximum delivery

was about two cubic metres. It did not flow more than fifty minutes,

but with an average delivery of half a cubic metre ; it had then

passed in all 15,000 cubic metres of water ; its height had been

0'04°^. Each square metre had received 40 litres, and the 50 hectares

of Saiut-Phalez 20,000 cubic metres. The ground had only retained

5000, which is sufl&ciently explained by their argillaceous character

and their state of saturation the night before. But while the torrent of

Saint-Phalez flowed, filled from bank to bank, seizing and carrying off

rocks which had been employed to form a road which was believed to

be safe against all contingencies, that of the Combe-d'Yeuse and all

those traversing wooded lands remained dry, or gave only an insignifi-

cant quantity of water.

" On the slope opposite to that of which I have been speaking, in

the valley of the Peyne, a carriage-road newly formed did not ex-
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perience the least injury throughout the whole of the portion of it

pnssing through tue forest of the domain ; but at its issue, on the

lands of the Libaude and of the Roquette, it had been, so to say,

destroyed. A cart loaded with faggots was upset and smashed by

the waters, which flowed from all the cultivated slopes, and tore

along, with the noise of thunder, at the bottom of the ravine.

" My good fortune secured to me another subject of study on the

same ground.

" On the 25th October following I went to the sale of the fellings

of the Tarascon, where there fell an abundant rain. The next day

(the 26th) the weather was clouded. I set off for the Luberou in the

hope of arriving there at the same time as would a storm of rain

which I saw approaching. I arrived first ; the ravine of Saint-Phalez

was still moist, from the passage in small quantity of the waters of

the night before; they had served, as appeared, to saturate the

lands of the domain, as had previously happened on the 7th [3rd 1]

September.

" I had scarcely gone over two kilometres in the ravine when the

water began to rush with great violence ; ten minutes later it pre-

cipitated itself in its ordinary canal d'ecoulement, completing the

work of destruction begun in the month of September. The lands of

Saint-Phalez had then absorbed but little or none of the water that

day.

"The storm was not of long duration—an hour at most. The

time was unfavourable for collecting on the ground exact measure-

ments, but J reckon that the torrent delivered, at its maximum,

somewhat less water, perhaps, than on the 4th of September. The

flood, however, was more frightful ; it swept away rocks with so

much the greater ease that nothing had been repaired since the first

storm, which had left the stones dug out, and without bond of co-

hesion among themselves.

" To gain the forester's house, which was on the slope of the left

bank, it was necessary to make a long circuit—to go round the

domain of Saint-Phalez, and to cross the grounds belonging to it, in

which one sank to the depth of 30 metres, or twelve inches. Before

arriving at my home I had still before me the ravine of the Oombe-

d'Yeuse, and 1 feared I should bo stopped there by a new -obstacle.

I was agreeably surprised to fin I it dry. An hour after the storm

the ravine of Saint-Phalez had ceased to flow.

" It rained throughout the whole of the 23th without there being

anything to remark similar to what had happened on the preceding

2«
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days. The only effect of this was that, on the evening of the 30th,

near the forester's house, and at 200 or 300 mHres from the ravine

of Saint-Phalez, there was seen coming down, in that of Yeuse, a

small fillet of clear water ; its volume increased perceptibly during

three days, to diminish in like manner during the two which followed;

its passage broke down a little of the foot-path which goes along the

valley, but caused only a damage easily repaired. This foot-path did

not present the same solidity of structure as that of the Combe de

Saint-Phalez, built on enormous blocks of rock which had stood for

several years, and which had allowed of passage with a waggon some

days before its destruction by the storm in September. If the

Combe-d'Yeuse had yielded as much water as that of Phalez, and if

these two masses of water had come at the same time, the damage

caused in the plain would have been considerable, and the Durance,

which received these waters, would have been so much the larger.

" Thus we have two torrents very near and under the same condi-

tions—except that the basin drained by the one comprises 50 hectares

of cultivated lands, that of the other 250 hectares of woodlands. The

first receives, and allows to flow away, the waters of the greater part

of a storm in a few hours at most, causing thereby considerable

damage ; the second, which had received a greater quantity of rain,

stores it—keeps it for two days—evidently retaining a portion of it,

and takes three or four days to yield up the surplus, which it does in

the form of a limpid and inofi'ensive stream."

A question in connection with this subject, which excites much

general interest, is—Do woods and forests increase the quantity of

the rainfall 1 We have had testimony to the affect that in certain

conditions they increase the quantity of the local rainfall ; there is

no evidence that in consequence of this there is a diminished rainfall

elsewhere, and if there be not it follows as a consequence that they

do increase the rainfall, though it should be found that they do so

only by causing the same material to fall again and again in the form

of rain ; but the increase, whether tested by local observations care-

fully conducted as were those of Mathieu, and of which have been

cited, [ante p. 64] or by more general observations carefully collected

as were those discussed by Mr Draper, [ante p. 100] appears to be very

trifling ; and when there are brought under consideration such features

of physical geography as are referred to by C6zanne and by Costa de

Bastelica, and attributed to torrents occasioned by the rainfall previous

to the regime of forests in the locality, it may well be doubted whether
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the amount of rainfall all the world over has not been diminished rather

than increased since was issued the fiat : Let the earth bring forth

grass upon the earth—the herb yielding seed, and the fruit tree

yielding fruit after its kind whose seed is in itself.

I have quoted the statements of Herr Wex in regard to the local

effects of forests on the rainfall, given in his treatise on the " Diminu-

tion of Water in Streams and Rivers, with the increase at the same

time of occasional inundations in low-lying agricultural districts.
"

The Commission appointed by the Academy of Science at Vienna,

appointed to consider that treatise and to report, reported in regard

to the efifect of forests on the rainfall as follows :
—

" The influence of

foi'ests on the quantity of the rainfall is a subject which has engaged

the attention of many naturalists. From many different points of

vieV has this influence been discussed, the discussion being founded

partly on theoretical considerations, partly on the altered climatal

conditions of country in which forests have been destroyed.

"In connection with theoretical considerations it has been ex-

tensively maintained that forests arrest the floating clouds, as do

mountain ranges opposed to a current of clouds, and like these occa-

sion a condensation of moisture ; and further that by the relatively

lower temperature prevailing in a forest than in the open country, thus

occasion a precipitation of that moisture in the form of rain ; and in

reference to this point more especially has Dr Berger in Frankfort

devoted attention to the difference in favour of rainfall in the

temperature and condition of moisture in the forest, in comparison

with these in the open country.

" It is on the whole probable that some such influence is produced

by forests ; but perhaps on the one hand the importance of this in-

fluence has been over-estimated ; and on the other hand there is a lack

of direct and decisive proof as to the effect ; as the pluviometrical

observations made for this purpose in stations within and outside the

forests extend over too short periods, and to some extent have been

made in conditions or circumstances which do not admit of strict

comparison, such as the difference in condition at different eleva-

tions, inclinations, and exposures in different directions, &c,

" From the great importance, in the intei'est of agriculture, of the

alleged diminution in the rainfall, the Scottish Meteorological Society

decided, in 1859, at the request of their president, the Marquis of

Tweeddale, to offer a prize for an essay on the question. Whether any

change had occurred in the quantity of rainfall in the west of Europe.
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The successful essayist, Mr F, H. Jaraieson, found in the observations

of the rainfall over extended periods, to which he had access, no

reason to conclude that there had been any progressive diminution in

the rainfall; local oscillatioiis alone were apparent, and the causes of

these it would be difl&;ult to determine.

"This essay gave ojcision for the institution of other similar in-

vestigations ; an 1 als) fjf the establishment, through the British

Association for the Advancement of Science, of a number of stations

for the observation of the rainfall in different parts of Great Britain

and Ireland. And a committee was appointed by the Association to

give attention to tlie subject.

" Mr G. J. Symons, in London, undertook the inspection of the

stations and the collating of the observations reported.

" Observations made at several stations in England and Scotland*

of which Mr Symons was enabled to avail himself in the investigation,

extended back to 172G.*

" Thanks to the observatory at Paris, "we have still earlier observa-

tions, carrying us back to the year 1688.t

" According to observations made in England and in France there

is no evidence of a diminution in the annual rainfall ; but on averages

of ten years there are seen differences in the quantity of the rainfall,

the causes of which have not yet been determined.

* He gives iu the Report of the British Association for 1866, by means of registers

received from seventeen stations, the following data iu regard to the rainfall in England

in proportional measurements :

—

Period. Proportional measurement.

1726-1735 9i-6

;-7i

86-7

1736—1745 78'

1746—1755 78-6 \ gg.j
1756—1765 88-2/

1766—1775 103-61 gg.^

Period.
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" It would be rash to coaclude, from the fact that no permanent

change in the direction spoken of has been proved to have occurred

in the west of Europe, that no alteration of the kind has taken place

in the interior of the continent ; and there are certain pluviometrical

records made at continental stations which do not indeed go so far

back, but which also, so far as they go, are not unfavourable to the sup-

position of some such diminution having occurred.*

" Blodget arrived at a similar conclusion fi*om an examination of

pluviometrical observations in North Amei'ica ; although the destruc-

tion of forests had been carried out there to such an extent that a

change in the rainfall might have been expected.

" In reference to the older observations of the rainfall we must

observe that their value is very much diminished by the circumstance

that the observations were not made every day, but sometimes at long

intervals ; besides which, the rain-gauges were often placed in unsuit-

able localities, as on roofs and on towers, &c. Both of these circum-

stances would produce an effect in the same direction, giving returns

of less than the actual rainfall at the time at which ^they were

made.-
" In view of all the facts of the case, although the actual measui*e-

ments of the rainfall, extending back for 200 years, cannot be adduced

as evidence of any progressive diminution in the quantity of the rain-

fall, it would not be right to attach no weight to the facts brought

forward by the author, more especially from Milne Home's paper in

the Journal of the Scottish Meteorological Society, (vol. III. p. 35)

from Becquerel, (Atlas meteorologique de V Ohservatoire de Paris, pour

1867) and from a great many other sources, which tend to prove a

deterioration in climate to have taken place in consequence of the

extensive destruction of forests.

" The Commission agrees with him in considering that it is pro-

bable, forests have an influence on the quantity of the rainfall, and

especially on the distribution of the rainfall over the year, although

the direct observations in our possession do not as yet seem sufficient

to determine the extent of that influence"

I am quite aware that there are facts recorded which appear to

* In the Imperial Central-Anatalt far meteorologie have the obervations in abou^

120 stations in Europe and North America, been examined on this point.

*0n the eflfect of altitude on the returns of the rain gauge there are rmmerous state-

ments. In MoUendorfs works (p. 102) it is shown that at diffarent stations the lower

rain-gauge received from 13 to 60 per cent, more rain than on a higher place one did.
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point to a different conclusion from that which is thus announced.

But I have to say in reference to this, that it was implied in or covered

by the instructions given to the Commission to consider this matter

and to report.; and further, that I find no difficulty in accoimting

for any of the apparently conflicting facts referred to, without com-

promising the conclusion arrived at by the Commission, and I know
of numerous facts in accordance with that conclusion.

M. E. Renou, in a paper entitled TKeorie de la pluie, which ap-

peared in the AnmiairQ de la Societe MeUorologique de France (t. xiv.

p. 89, 1866), writes :
—"When it is seen that the rain depends as its

condition on great atmospheric movements, and is only modified by

the principal accidents of soil, mountains, and seas, what influence

can the cultivation by man, and more especially the forests, have

upon this phenomenon % A generally-existing opinion attributes to

them an important influence on the distribution of the moisture pre-

cipitated from the atmosphere ; but this opinion, which is purely

theoretic, has absolutely no foundation : there never has been cited

in support of it a single indisputable observation, and if in certain

lands, as Algeria, it rains more on forests than on the lands devoid

of these, in attributing to them an influence on the rain this is only

to confound the effect with the cause. The rainfall follows in a striking

manner the relief oi the soil, and forests appear nowhere spontaneously

excepting where there is a sufficiency of rain. This observation is

applicable to the analogous cases cited by M. Boussingault in America.

It is precisely at the line of contact of the bare regions and the

wooded regions near the limits of the natural growth of woods that

this can be remarked ; these forests do not generally receive sufficient

rain for them to grow everywhere, and they are found only there

where the position and arrangement of the mountains permit the soil

to receive the greatest quantity of water.

" Charts representing courses followed by storms of rain and storms

of hail do not indicate the least deviation from their course in the

vicinity of forests. The celebrated hail-storm of the 13th June 1788

has long ago shown this to be the case ; it followed a line almost

straight, absolutely independent of what was seen on the soil

beneath it.

" The opinion in regard to the influence of forests on rain is just

like all prejudices : it has been repeated for a considerable length of

time without having the least proof In my opinion, man has not

the least influence on natural phenonena. Formerly, it was sought

to connect meteorological phenomena with dominant local influences
;
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but, in proportion as the study of them extended, the magnitude,

grandeur, and general character of atmospheric phenomena came to

be recognised."

In citing these views of M. Renou I am citing what has been cited

in France with approval ; and there is much in them with which I

agree, but this so combined with much with which I do not agree

that I am almost glad to have the opportunity to state wherein we

differ.

I have given evidence of my belief that the primary distribution of

forests is attributable to the previous geographical distribution of the

rainfall; but I consider that this is not incompatible with their

exercising an influence on the subordinate subsequent distribution of

the rainfall within the disti'ict in which they have grown : in

other words, that while the primary distribution of forests appears to

have been determined by the rainfall, once established, they may, and

they do, exercise a manifold influence on the rainfall. Sinbad's

adventures with the Old Man of the sea, and ^sop's fable of the

horse being saddled and bridled by man, have made us acquainted

—

many of us while yet young, acquainted—with the principle that con-

sequences may flow, from an action which were not anticipated when

that action was performed. The Spaniards have a proverb to the

effect that Whoever gets a wife gets a master. The Scotch have

another version of the same proverb which is not less pat : their

version of it is—Whoever gets a mail gets a master. And in many
lands it is seen that a family often produces on both of the parents a

very marked change of habit. So is it here, the mountains once

clothed with forests, all is changed. And it is to what takes place in

this altered condition that the report cited refers.

M. Renou seems to attach importance to storms of rain and storms

of hail advancing in a direct line, deviating from this in passing near

by a forest. On this subject M. Cezanne writes :
—*' On charts

which have been published by the Academy M. Becquerel has re-

presented the course of certain [thunder] storms. Some people have

thought that they could conclude from these charts that storms avoid

forests. But it should be remarked that these charts having been

prepared from testimony supplied by populations and Assurance

Companies, the abundance of documents establishing the devasta-

tions caused by the hail is not necessarily in exact relative propor-

tion of the frequency and violence of these storms : it depends more

especially on the density of the populations and the richness of the

crops. If the wooded regions do not supply documents towards
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establishing the statistics of storms, it is because in the forests there

are neither notable devastations committed by them nor inhabi-

tants to report them.

" The department of the Gironde furnishes a striking case in

support of this explanation. According to the storm chart of this

department (Atlas meteorologique, 1868) the hail would seem to fall

by preference on the banks of the Garonne, or in the rich canton

which extends between that river and the Dordogne, but particularly

on the inhabited places; and, on the contrary, that the desert landes

were entirely spared by the hail.

" But it is well known that the landes are travei'sed by violent

storms ; but the shepherds of the landes do not send bulletins to the

Observatory
!"

So much in regard to storm-charts such as are cited by M. Renou.

In regard to the kind of storms referred to by him, they are such as

were not likely to deviate from the cause in consequence of any such

diflference on the surface of the earth as a forest might present.

Of the hailstorm cited by M. Renou, Sir John Herschel writes ;

—

"In the hail-storm of July 13th, 1788, which passed across France

from south to north, two such tracks were marked, of 175 and 200

leagues in length respectively, parallel to each othsr, the one four

leagues broad, the other two, and separated by a track five leagues

in breadth, in which only rain fell. A similar character is very com-

mon, though not to such an extent. Such linear hail-storms are

always attended with violent wind, sudden depression of the baro-

meter, indicating a great commotion in the air, and probable mingling

of saturated masses of very different temperature.

And in writing on the Hydrology of South Africa, I had occasion to

state :
" According to views advanced by Espy, a distinguished

American meteorologist, the two parallel lines along which the hail-

storm advanced in the case mentioned by Sir John Herschel can be

satisfactorily accounted for. According to one of the laws regulating

storms, many of these advance, as does a wheel, rotating and pro-

gressing horizontally—as a wheel does vertically in advancing along

a road—as is made visible in a small advancing whirlwind of dust, or

leaves, or straw, or chaff. The cyclone, a whirlwind of such extent

as to create a storm, is fed with air as it advances; this, raised to a

great height, expands, cools, precipitates the moisture it contained,

and throws this off in a frozen state—as does a twirled wet mop

throw off drops of water,—and by gravitation it falls. As the rotaii ng

whirlwind advances, the motion of the air forming the forefront will
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cro3S the breadth of the circle from left to right, or from right to left,

as the case may be ; the air forming the rear will cross the breadth

of the circle in the opposite direction, and scatter the hailstones or rain

over the whole breadth travei'sed in two showers, minutes, hours, or

days apart ; but at the sides the wind blows in but one direction

on the right of the circle, and in one direction, the opposite of this,

on the other, and along the lines followed by these the hail or rain

falls continuously in greater abundance."

M. Cezanne writes in reference to what he had stated relative to

the fall of rain being determined in a great measure by the contour

of a country, and which I have already quoted :

—

" It may be said—if the rain acted as if it had caprices and the

protuburances of the soil caused a change in the pluvial current

—

will a mass of forests which raises itself on the plain remain without

any influence 1 Stating the question thus, it must be admitted as un-

questionable that forests may exercise an influence on the rainfall. It

may so happen, for example, that a forest of trees coming to bar up a

valley of little depth may interrupt the pluvial curz'ent, and notably

diminish the quantity of water collected in a pluviometer which would

be placed behind it. The town of Erfurt, for example, sheltered

against the west wind by the Thuringian forest, receives less rain than

do adjacent regions.* It is not necessary to speak of a high forest of

timber trees ; a simple wall, suitably disposed, suffices. It is well

known that the face of such a wall, exposed to the pluvial wind, re-

ceives more rain than does the sheltered side,—what is kept on the

one side falling there leaving so much the less to fall on the

other ; and observations show that it is enough to raise up buildings

or other ei'ections in the neighbourhood of a pluviometer to produce

a change in its receipts."

But the hail-storm cited by Renou was not a fall of rain produced

by a pluvial wind blowing along the surface. The hail was produced

at an elevation far above the loftiest forest, where the forest could

not pi'oduce such a deviation as he states did not occur.

And with regard to his belief that it is beyond the power of man

to exercise the least influence over physical phenomena, the expression

given of it would require some qualification in order to exempt at least

such physical phenomena as are mentioned by M. Cezanne in the state-

ment by him which I have just cited, and who holds the same opinions

as does M. Renou on the point to which I understand him to refer.

* Eaemitc.

2l
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So far as my own observations have gone it is in accordance with

what has now been advanced. My observations have been made

incidentally and not of purpose, and they are general rather than

precise. They have been made, one class of them in Scotland, the

other in Africa, or countries which are in very different climatal condi-

tions, and for this it may be considered by some that some allowance

should be made; but such as they are they are these : While the genial

shower or the drizzling mist appears to be a characteristic of wood-

land rain, deluges of rain like thunder plumps are the forma which I

have found most characteristic of rain in the arid regions of South

Africa ; frequent showers and constant damp in spring and autumn

and winter alike are characteristic of woodlands in Britain with which

I am familiar, a cloudless sky, and a persistent drought broken only

by an occasional deluge, brief in its duration and local in its range,

are the characteristics of the other. In the one we have the rainfall

distributed over eight or ten months of the year, with occasional

showers in the course of the intervening summer ; in the other a

drought continued for months, or it may be for years, and a rainfall

of two days or three, or of some hours, or it may be of half an hour at

most. In the one we may have the rainfall distributed over the whole

of the area of a hundred or a thousand square miles, falling not over

the whole simultaneously or continuously, but so distributed in time

as well as in space that no part suffers lack ; in the other we may

have a deluge of rain over twenty square miles at one time within an

area of a thousand, and a deluge over other twenty square miles

at another time, weeks or months, or it may be years thereafter.

The geographical distribution of rain may be attributable to geo-

graphical position and contour of the country. Such deluges of rain

as have now been referred to may be attributable in some cases to

eddies in one or other of the aerial currents flowing continuously be-

tween the equator and the poles ; in other cases to the passage of

a minor cyclone or whirlwind above the place ; but the frequent

drizzling genial showers prevailing in a wooded country may be con-

sidered a form given to the rainfall in some measure by an influence

of the woods ; and the absence of these in arid woodless regions, in

which the mean annual rainfall is the same and the conditions similar,

may be considered in a corresponding manner attributable to the

absence of forests.
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We are told in the book of Proverbs :
" He that is first in his own

cause seemeth just ; but his neighbour cometh and searcheth him."

I have stated in preceding chapters, with such precision as I could

attain unto, what I consider to be the effect of forests on the humidity

of the soil and character of the districts in which they exist ; but I

am aware that a compilation might be prepared of observations made

by men of science which might seem to support a widely-different

conclusion. I have given attentive consideration to all such to which

I have had access, and prepared a statement on their apparent bear-

ing on what I have advanced ; but I refrain from inserting this,

not because I consider them unimportant, for I consider them equally

valid and equally important with many—I may say with any—which

I had advanced. I refrain from inserting this first, and mainly, because

I am unwilling to add to the expense and the bulk of thevolume; 2ndly,

and the reason weighs with me almost as much as the first, I wish to

present the subject to my readers in as simple a form as I can, and

without complications which I do not consider necessary for my pur-

pose ; and I know of nothing which has been advanced as observations

made, or conclusions deduced by reasoning, or phenomena observed,

which are incompatible with what I have advanced.

From what has been advanced it appears to be established as a fact

that there are cases in which an extensive destruction of forests has

been followed by a marked desiccation of soil and aridity of climate,

and some cases in which the replanting of trees has been followed

by a more or less complete restoration of humidity,—or the planting

of trees where there were none has been followed by a degree of

humidity greatly in excess of what had previously been observed

;

that there are cases in which the rainfall within forests, or in their

immediate vicinity, has been perceptibly greater than in the open

country beyond ; but that there are also cases in which it is alleged

that the desiccation of some lands once clothed with forests and
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fertile, now treeless and barren and dry, may be attributable in part,

if not in -whole, to other causes besides the destruction of the forests,

and cases in which the extensive destruction of forests does not

appear to have extensively affected the quantity of the rainfall over

a wide expanse of country.

These facts may, by a little latitude in the use of language, be

characterised as antagonistic or conflicting ; but they may neverthe-

less be accepted as facts, and that with the admission that if facts

they must be perfectly compatible with each other, and not only

compatible but consistent with each other in the actually existing

system of things, and necessary to be known in order to a correct con-

ception of this system as a whole.

As it is with these apparently conflicting facts which I have cited

so does it appear to me to be with those apparently conflicting facts,

connected with details, which I have refrained from bringing forward

here : they do not appear to me to invalidate in any way those which

have been founded on in the conclusions I have advanced.

When I was a boy I was told of one of my townsmen, that, being on

trial before one of the magistrates for the theft of a hen, when a

witness testified that he had seen him take it, he broke forth with a

vehement appeal " Your honour ! I can bring forward twenty men who

did not see me." And to such testimony might be likened testimonies

to facts which are not in question cited as sufficient to invalidate

explicit testimony to other facts observed. I am prepared to admit

unhesitatingly all that can reasonally be said in regard to my accept-

ance as facts of what I have accepted as such ; the conclusions I

have drawn from them I commend to the consideration of my readers
;

and I leave to their judgment to determine to what extent these should

influence deliberations on the adoption of practical measures to avert

the evil and to secure the good which appear to be at our command.

'The efiects of forests in retarding the flow of the rainfall after its

precipitation has been established, I consider, beyond all question
;

^ ) and not less so their efiect in maintaining a general humidity of

atmosphere and of soil.



Preparing for the Press,

FOPiEST SCIENCE
AND

FOPiEST ECONOMY OF FRANCE.

JOHN CROUMBIE BROWN, LL.D.,

Formerly Professor of Botany hi the South African College, Capetoion, and

Government Botanist at the Cape of Good Hope, Honorary Vice-President

of the African Institute of Paris, Felloio of the Linnean Society, Fellow of

the Royal Geographical Society, &c., d'c.

HENRY S. KING & CO., LONDON.

PREFACE
N giving evidence before a Select Committee of the Legislative

Council of the Cape of Good Hojoe, in August 1865, I made the

following statements, amongst others, in reply to questions put

by the Committee :

—

Chairman.—Have you anything to recommend on the subject of forest
economy?—I have bronght with me statements of the revenue and expenditure of

the forests for the hist four years. From these it appears that the forests in the
district of George, in 18G0, yielded a revenue of £312 7s 7d, and the expenditure
of that year was £2oi ; showing an excess of revenue of it7<S 7s 7d. In 1861, the
revenue was £293 18s and the expenditure £23i ; showing an excess of revenue of
£58 lis. (For 18G2, I have not been able to obtain returns). In 18G3, the
revenue was £188, the expeuditui'e £234 ; showing a deficit of £46. In 1864,
the revenue was £161 17s 5d, and the expenditure £234; showing a deficit of

£69 23 7d. Thus there was an excess in the first two years of £138, and in the
last two years a deficit of £115 2s 7d, On the four years, therefore, there was
an excess of £23 3s ; being an average annual excess of £5 15s 9d.— The forests in

the district of Kuysna, in 1861, yielded a revenue of £1,285, and theexpenditare
was £451 ; showing an excess of £834. In 1862, the revenue was £1,087 iOs,

and the expenditure £416 ; excess £671 lOs. In 1863, revenue £735 4s, expendi-
ture £422 ; excess £3 13 43. In 1864, revenue £635 17s 6d, expenditure £422

;

excess £213 173 Cd. In these four years, therefore, the Kuysna forests produced
an excess of revenue over expenditure of ;£2,032 11a 6d ; being an average auuual
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exeegs of £508 29 7^cl.—With regard to the forests in the district of Uitenhage,

these are all under the superintendence of one conservator, and a portion of his

salary ought to be assigned to each ward ; but the statements of accounts laid

before Parliament make it more convenient to reckon the salary, &c., of the

conservator as the expenditure at Zitzikama, and the salary or allowance to

forest-rangers as the expenditure at the several wards intruste;^ to their charge.

The forests in the Zitzikama, in 1861, yielded a revenue of £645 193 4d (the

market value of timber removed being ^£6,142 19s), and the expenditure was

£27% ; showing an excess of £367 193 4d. In 1862, the revenue was £541 168 Id,

expenditure £278 ;
excess £263 16s Id. In 1863, revenue £377 17s lid, expendi-

ture £254; excess £83 17s lid. In 1864, revenue £534, expenditure £254;

excess £280. Excess in four years ^995 13s 4d
;
average annual exce.«s £248 188

4d. The Olifant's Hoek forests produced, in 1861, a revenue of £63 133 Id

(market value of timber removed £410), the expenditure being £97 ;
showing a

deficit of £33 63 Ud. In 1862, the revenue was £61 Is 6d, expenditure .£97
;

deficit ^35 I83 6d. 1863, revenue Mb 16s, expenditure £85 ;
deficit L.49 4s.

1864, revenue .^£30 15s, expenditure £85 ;
deficit ^24 53. Deficit in four years

.:S142 14s 5d • average annual deficit £35 133 7d.—The Klein and Van Staden's

River forests' produced, in 1861, a revenue of L.30 IO3 (market value of timber

removed L.360), and the expenditure was L.50 10s ; showing a deficit of L.19 IO3

In 1862 th-i revenue was L.41 lOs, expenditure L.50
;
deficit L.8 10s. In 1863,

revenue' L.8 IO3, expenditure L.50; deficit L.41 lOs. In 1864, revenue L.19

expenditure L.50 ; deficit L.31. Deficit in four years L.lOO 10s ; average annual

deficit L.'25 2s Gil.—The Zuurberg forest, in 1861, produced a revenue of L.66 3

lOd (market value of timber removed L.492), and the expenditure was L.140

showing a deficit of L.73 16s 2d. In 1862. the revenue was L.27 14s l^d, expen-

diture L.183 ; deficit L.155 5s lOd. In 1863. revenue L.41 4s, expenditure L.165
;

deficit L.123 16s.' In 1864, revenue L.48 16s 3d, expenditure L 165 ;
deficit

L.116 33 9d. Deficit in four years L.469 Is 9d; average annual deficit L.117 63

5(J._From the statements made it appears that last year the total revenue from

the whole of the forests was L.1,466 6s 2d, and the total expenditure was L.1,210.

There was an excess of revenue over the expenditure on forests of the Kynsna and
Zitzikama of L.493 17s 6d ; but a deficit in the case of the forests George, Olifant's

Hoek, Klein and Van .St.ileu'.s Kivers. an 1 Z lurbergr, of L.240 lis 4d ;
leaving a

clear excess of free revenue of L.253 6s 2d. Two years ago the tree revenue was

L.750 ; and the average tree revenue for the four years reported was L.584 15s 2^d,

or L.3'31 9s above that of the last year. The free revenue during the period

diminished year by year.
, „ , .

Mr van Breda.—Can you recommend any other mode of taking care of the

forests than what is now pursued under the superintendents?—Without dis-

turbing existing arrangements much might be done ; but to secure the full benefit

of the forests to the Colony, my belief is that very great changes will be necessary.

Will you give us an idea of the changes you would recommend?—I consider it

expedient that whatever changes are made, the expense should be met out of the

revenue to be derived from the forests ; and to show what can be done by simply

appropriating the free revenue of the forests to the improvement of the forest

economy of the Colony, I would submit for consideration the following measures :

I. With a view to the conservation of the existing forests against the ravages of

fire I recommend : First, the publication and enforcement of the law of the

Colony in regard to bush fires. And, secondly, the offer of a reward for such

information as may lead to the conviction of the offenders, to be paid to forest-

rangers and others alike. II. With a view to the conservation of the forests

against reckless and illegal distruction of timber by wood-cutters, I recommend:

First, the r«^publication and enforcement of the law of the Colony in regard to the

cutting of timber. Secondly, the procuring of accurate reports and diagrams of

the boundaries of private property bordering on forests belonging to the Crown.

Thirdly, an increase, if necessary, of the number of langers, and of the remune-

ration allowed to them for their services. Fourthly, the commissioning of some

one ac^uaiDted with foteftt economy to visit all the foresta of the Colony, and,
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after inquiry and personal observation, to report what practical regulations would
secure a greater ncieasure of uniformity of usage in the management of the forests,

and what special regulations may be furtb<^r required for the management of any.
III. ith a view to the pro motion of arboriculture throughout the Colony, I
recommend : First, that seeds, and to some extent seedling trees, obtained from
the forests, and also seeds of Australian and European trees, such aa blue-gums,
Port Jackson willows, black-woods, oaks, pines, &c., be placed at the command
of civil commissioners, with permission to employ prisoners in sowing or planting
these in suitable places within the districts over which they are appointed. Secondly,
that such seeds and eeedliugs be placed also at the command of municipalities,

agricultural societies, divisional councils, and other official bodies holding land in

trust for the benefit of the community. Thirdly, that arrangements be made fof

the supply of such seeds and seedlings on reasonable terms to the public so long
as this may be deemed necessary, or possible, without interfering injuriously with
the accomplishment of the same thing by private enterprise. IV. With a view
to the developing of our timber trade, and so making the forests a more productive
source of revenue, I recommend : First, the preparation of a detailed report of

each forest, specifying the boundary and extent of each patch or clump; the
different kinds of timber trees growing in each of them ; the numbers, either

proportional or absolute, of each different kind ; the general magnitude they have
attained, and the situations they generally occupy, stating what numbers or what
proportions are of easy access, or of difficult access, or in situations altogether

inaccessible, but which may be made accessible at a moderate expense. At pre-

sent, we cannot tell what we have. Suppose a demand were to arise for a parti-

cular kind of timber, and the purchaser were to say, "I require stinkwood ; how
many cubic feet can you furnish annually ? " There is not a man in the Colony
who can tell. "How many stiukhout trees of three feet diameter have you?"
Not a man in the Colony can tell whether there are a thousand or a hundred
thousand. "What is the extent of your forests? Are there a hundred square
miles, or six hundred square miles? " It is the same. We cannot tell any
customer what we have. In order to obtain proper reports on this subject, it

would be perhaps necessary to get surveys made by professional men ; but this

done, the various fore-t rangers might furnish accounts of the different clumps, at

very little expense. I have here a map of the Knysna foi'ests by the Sui've^or-

General, with the particulars of their contents furnished by Mr Bain ; but when
we get beyond this, between the Knysna and the Tzitzikama forests there is a
large space of unexplored forest. Of the Tzitzikama forest I have a similar chart,

with annotations, furnished by Captain Harison. But of the intervening forest,

nobody can tell what is its extent, or what it contains. Nobody has ever been
through it ; although I believe Mr Bain has offered to take a pack ox, and, with
six coljured men, cut his way through and report. And even the Knysna forest

is but little known. A gentleman from the Kuysna writes to rae by last mail that

he observes that in the Government returns the property in that district is valued
at L.77,000, but he says if the Government would open up the forest, it would be
worth, perhaps, L.40U,000. It is very desirable to have some accurate information

on this subject. The reports which I suggest would entail some expense for

surveys ; but the rangers could provide the particulars as to the contents.

Secondly, I recommend the preparation of a report ou the fitness of the timber of

different trees growing in this Colony for employment in turning, veneering, and
other modes of manipulation, founded on experiments to be made by some properly

qualified person. I believe there is a great deal of information available on this

head which only requires to be collected and tabulated. This would incur some
little expense, but not great. And, thirdly, I recommend the procuring information

in regard to the most approved measures of forest economy which are applicable to

the management of the forests of this Colony, by commissioning some one
acquainted with these forests to visit the forest schools of Germany, and, if it be
thought desirable, to visit also the forests in other parts of Europe, and report

thereafter what is seen, or suggested by what is seen there, applicable to the

management of forests in this country, whether relating to matters connected with
private enterprise or Government control.
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Before leaving South Africa I prepared a report on South African Trees,

Shrubs, and Arborescent Herbs ; a memoir on the Forests and Forest

Lands of South Africa ; a memoir on the Forest Economy of the Cape of

Good Hope ; and a memoir on Arboriculture in the Colony ; abstracts of

which were appended to report of the Colonial Botanist for 1866. And
the following compilation has been prepared to supply an indication of the

kind of information which might be obtained by following out the sugges-

tion, that some one acquainted with the forests of South Africa should be

commissioned to yisit the Continent of Europe, and report what may be

seen in forest management there applicable to the management of forests at

the Cape j to supply a handbook for the use of any who on such an errand

as is spoken of may yisit France, and to supply information in a convenient

form to others who may be desirous of extending their acquaintance with

forest science.

There are two works from which I derived much information when I first

gave my attention to this subject,

—

Cours elementaire de culture des Bois

cree a Vecole forestiere de Nancy, par M. Lorentz, Cours and cZ' amenagement

des forets enseigne a Vecole foi-estiere, par Henri Nanquette.

Of both of these works comprehensive r^sum^s are given, and with these

copious extracts and notices of other works by which the forest science

and forest economy of France have been developed, and translations of

laws and ordonnances in which they have been embodied.

JOHN C. BROWN.
Haddington.

CONTENTS AND ARGUMENT.
§KHg

Introduction,
In this information is given in regard to the systems of forest management known as Sartage,

as Jardinaqe, as Exploitation a tire et aire, preparatory to details being given in the body
of the work in regard to the modern sj-item ot management followed in France and Ger-
many, and which is being generally adopted throughout the Continent of Europe, the
object of which is to secure the sustained production, natural reproduction, and pro-
gressing amelioration of woods and forests in all their parts.

PART I.

—

Development of Forest Economy in France.
Gives some account of the treatment to which forests have been subjected in France from

the invasion by the Romans, and throujchout the Christian era, with illustrations sup-
plied by the treatment of forests in England by the Normans. Forest ordinances
issued in the 13th, the 14th, the 1 5th, the 16th, and the 17th c- nturie.^ are cited. There
is supplied additional information in regard to Saitage, J<ir<iiniige, or Furetnge, and
Exploitation d, tire et aire ; and a notice of the ordiiiance of 16G9 regulating this method
of e.^tploitation. The failure of this form of forest economy to prevent the evil,*' which
were foreseen is illustrated ; and thi^ preparation for an improved system of management
by the publica'ion ot treatises by Var>>nne de Feuille in France, and H.irtig and Cotta
in Germany, is referred to ; as are also the Codeforestiire is.^ued in 1827, with modifi-

cations subsequf'ntly introdiicvid. anil of the Ordonnnnce Reg'emenldi'-e. or Ord-innnnce

d" lioi pour I'e.voitifmf dii C'de forenticre. Subsi quetit. Mrrangenieiits r.«suing in the

publica'ion of (Jntirs K/dmeiitaire >ie l<i O'dt'irc de H'i.i, <£•«'.. pur M Lnrcntz, are re-

ported, with notices of course of instruction followed at tlie Forest ticuool of iyaucy.



CONTENTS. V

PART U.—T7ie Forest Law of France.

It is stated that this, formerly embodied in theOrdonnanceof France of 1669, is now embodied
in the Code Forcslier and Unhmiiancc licgfcmentaire of 18-27, with subsequent modifica-
tions whicli are eu' bodied iu following translations of the texts, and comm.nts appended.
There is j^iven a translation of the Cone Furestier under tlie following headings:

—

I. The Forest H gimc
; 11. The Forest Adniini:?tration ; III. VV^oods and forests which

constitute part of the domain of the State, treating (I) of the boundarirs. (2) of the manage-
ment, (3) of the sale by auction of fellings, (4) of exploitation, (5) of resurveys and
examination, (6) of auction of mast, panage, and pasturage, (7) of concessions, (8) of
rights of usage ; IV. Woods and forests which form part of the domain of the Crown

;

V. Woods and forests held as appanage or by mayorats reversible to tha Crown
;

VI. Woods and forests belonging to communes and public bodies; VII. Woods and
forests held by others in common with the State ; VIII. Of woods belonging t-o private
proprietors ; IX. Concessions of woods for the public service, (1) for the service of the
Admiralty, (2) for the service of roads and bridges for work-) on the lUiine"; X. Pro-
tection anil t.'oiiservation, (I) general provisions applicable to all woods and forests, (2)
special provisions app icable to woods and forest.* under the forest regime ; XI. Prose-
cutions for offences and cuntraventiiins, (1) of such in woods under the forest regime, (2)
of such in woods not under the forest regi"^e ; XII. Pains ^nd Penalties for forest
offences; XIII. Execution of judicial sentenc.;s, (I) relating to those in woods under
the forest regime, (i) to those not under the forest regime ; XIV. General provision

;

XV. Clearing off of woods on private property.
Then follow observations on the provision m,adc in regard t^ the relief of young p'antattons

from taxation ; the preservation of woods tor defence in war ; rights of usage in regard
to forest products ; the depasturage of swine, sheep, goats, and oxen ; the peiialties for
theft ; the restriction in regard to fi."e ; the arrangements in regard to conciission, &c

;

and the princ'ple, und^rlyin.: the whole l-gislati >n, t'lat forests c >nst'tMte national pro-
perty of whicii successive generati'Us have only a right to toe usufruct.

There is given a translation of the Onloaaance ll'-dlcmentaiic, or royal ordinance for the
execution of the code, under tha following headings;— I. The Forest Administration,
including (1) the general direction of forests

; (2) tiie forest service in the departments,
o. forest agents, b. surveyors, c. guards, d. provisions applicable to agents and officers

alike ; (3) forest schools, a. royal school, h. secondary forest schools. II. AVoods £.nd

forests which form part of the ilomain of the State
;

(I) of boundaries
; (2) of manage-

ments
; (3) a. of the order to be followed in successive fellings, h, of survej-s, c, of

halivage ,or leaving standing reserved trees, d, of rnartelage, or marking trees to be
felled or reserved, &c., e. of auction of fellings

; (4) of exploitation
;

(.'i) of resuryeys
and examinations after exploitation

;
(G) of auction of lesser forest products, mast,

panage, pastur.age, windfalls, &c.
; (7) of concessions under burden of replanting

; (8)
of concessions to private parties

; (9) of rights of usuagc in the woods of the State,
III. Woods and forests which form part of the domain of the Crown, &c., &c,

PART III.

—

Resumi of Cours elementaire de Ctdture des Bois, cree a VEcole

Forestiere de Nancy.

Introduction ; supplies explanation of technical terms employed,

Sectiox I.—Exploitation.

Treats of exploitability, L'exploitabilitd Physique, UexploitahiliU Ahsolue, Uexploitdbiliti
Relative, and L'exploitahihte Composiie and of L% Poasabilitb, or yield, as obtained from
different areas, and as determined by quantity desired.

Section II.—Exploitation of Forests.

Treats of three different fellings, known as covpes de regeneration, or fellings connected with
the reproduction of the forest and preparation for the re-sowing of the ground by
self S'lwn seed : ono for the diminution of the siiade, which might be iujurious to the
seedlings, and the others the final removal of the older trees,—and of fellings known as
coi'pex daiiiclioraliiiu, incUiding the clearing the giound ol underwood, and successive
tbihiiings of the reproduced crop,—of the order in wiiich the several exploitations shuuld
take place,— and of the briuiting out of the produce. It treats al.so of what are called
coKpes de traii-^formutim, or fellings d»si,nied to bring into uniformity with the modem
forest region forests which have jirevioiisiy been cxj^loiied according to the systi-m of
janiinagi", and forests which have been previously exp oiled accjiding to the system
called & tire et aire.

Section III.—Exploitation of Coppice Woods.
Explains technical term.-, and treats of th« application of the general principles evolved to

the treatment of simple coppice woods, and of copse woods growing under forest
trees ; and there are added remaiks iu regard to exploitation of pollards, &c.
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Section IV.—Exploitations to bring Coppice Woods, or Forests, under
a different regime from that to which they have been subjected.

The advantages cf the several regimes of coppice, mixed coppice, and timber forests are
discussed ; and there are detailed the measures required to convert a timber forest into

a simple or mixed coppice, a simple coppice into a mixed coppice or a timber forest,

and a regular mixed coppice, or an irregular mixed coppice wood into a timber forest.

Section V.

—

Repeiqylements.

Treats of artificial repevplements, or restockings of woods and forests, by sowing, with
instructions in regard to the gathering of seed, judging of its quality, the season of
sowing, the quantity to be used, and modes of sowing followed; and by planting, with
information in regard to the culture of plants in nurseries, the time and mode of trans-

planting, and correlated suhjects ; with notices in regard to use of cuttings and layers,

and the maintenance or keeping up of forests.

PART IV.

—

Resume of Coiirs cVAmenagement des Forets, enseigne a VEcole

Forestiere.

Section I.—Divisions, Subdivisions, Diagrams and Inventories.

It is stated why these are requisite ; and instructions are supplied in regard to what should
be noted ; what should be the extent and determining circumstances of divisions and
subdivisions ; how these should be marked out on the ground ; and what should be
specified in the inventories accompanying the diagrams.

Section II.

—

Regime and Exploitation.

States what has to be attended to in determniing whether a portion has to be treated as a
timber forest or as a coppicewood, or as a combination of the two ; and next, in deter-

mining the age at which trees are to be felled, according as timber of the greatest bulk,

the greatest quantity of useful timber, or the greatest quantity of material product, or
the greatest pecuniary return, or any combinations of these, may be desired.

Section III.—Grouping of Forest Plots.

The objects aimed at in the forest management are stated ; and it is shown how this may be
effected where a forest is not composed of adjacent forest plots of graduated ages, by
combining in one series forest plots of requisite conditions which may be far apart, aud
treating these as if constituting a forest apart.

Section IV.—Means of determining the ages at which timber forests and
coppire woods should be submitted to exploitation.

Reference is made to the diflferent circumstances determining: what expioitahilitd is to be
adopted; and it is stated by what measures may be ascertained Vexploitabilite physique, that

yielding timber of greatest bulk ; I'exploitahilite absohie, that yielding the maximum of
material products in a given time ; VcxploitahiJite commerciale, that yielding the maxi-
mum of pecuniary returns ; Vexploitabiite yielding the most useful products ; I'exploit-

ahilite composie, yieldmg a maximum of produce with a maximum of pecuriiary return,

or a maximum product of most useful materials ; and information is supplied m regard
to transitional exploitations, efifected with a view to bringing a confused forest of trees

of varied ages and coridition into the order in which a series of regular exploitations can
be most efficiently carried out.

Section V.—The determination of the order to be followed in the exploit-

ation.

Section VI.—General Plans of Management of Forests, known as La
Methode d' amenagement p)Ci contenmice.

Shows what is meant hyle Rapport soustenu between product and produce ; what is the
characteristic feature of the method— the partition of the revolution or cycle of re-

generation and of ttie forest into corresponding periods and portions ; states the
general arrangements which have to be made with this view, and gives detailed in-

struction in regard to general rules relative to the division of revolutions into periods,

and of series into periodic afft-ctations, and to the formation of affectations by equal
areas, by areas of proportional fertility and periods of proportional production ; with
llustraiions of tlie method of management by areas of proportion.il fertility and periods

of proportional production.

Section VII.—Measures for bringing into fit condition for being subjected

to La Methode d' avienagement par contenance forests which have been

previously subjected to Jardinage.
Shows ho'v lots should be constituted and arranged, the revolution or cycle of regeneration

determined, and a general plan of exploitation established.
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Section VIII.—Measures for bringing into fit condition for being subjected

to La Methode d' amenagement pa?' contenance forests which have been
exploited according to the system cl tire et aire.

Shows how in this case lots should be constituted aud arranged, the revolution determined,
and the plan of exploitation established.

Section IX.—Measures for bringing into fit condition for being exploited

according to La Methode d' amenagement j)ar contenance iore^t^ which
have been exploited very irregularly according to either of the older

methods, or have not been subjected to any definite system of ex-

ploitation whatever.
These are illustrated by applications of the several measures to supposed eases.

Section X.—Application of La Method dJ amenagement par contenance to

coppice woods.
There are sliown how this may be done in application to simple coppice, and to coppice

veoods combined with timber trees, and how these may be trausformed into timber
forests.

Section XI.—Specification of subjects to be embodied in a scheme of

management of a forest which may be submitted for approval.
These are stated to be statements on various subjects connected with the enterprise, chart,

and illustrations, calculations and tables, all of which are described.

PART V.

—

Instructions in regaad to the natural history, the sowing, the

planting, and the exploitation of different kinds of trees employed in

works of reboisement in France.
It is stated whence these instructions have been obtained, and why they are given ; and

they are given in reference to the following trees :— 1. The oak, in regard to which is given
information relative to the natural history of (1) Quercus s^'ssiflora, the sessile-fruited

oak, known iu France as the chine rouvre and Q. rohur
; (2) Q. pedunculata, the common

oak, known in Prance as the chene peduncule, while both it and the sessile-fruited oak
are known in different distinct districts as the chene hlanc, or white oak

; (3) Q.
Tauzin, the hoary oak, known in France as the chene tavzin

; (4) Q. Snber. the cork oak.
known in France as the chene liege • (5) Q. CJoccifera, the kermis oak, known in France
under the same name

; (6) Q. Ilex, the evergreen oak, known in France as the chene

vert and cMne yeusc ; aud information relative to the collection and preservation of seed
r-f the r>ak ; ^he examination of seed ; the sowing of the seed; the exploitability of the

oak ; aud ttie successtui thin injs and tVl iiij^s to whicli iii tli C'ursi- of it- ri-vo'utioi: it

should he subjected ; the treatment of oak coppices, and the barking the wood. 2. The
birch ; 3. the beech ; 4. the map^e ; 5. the elm ; 6. the ash ; 7. the chesnut ; 8. the
acacia ; 9. the alder ; 10. the poplar ; 11. the willow ; 12. the silver fir ; 13. the Nor-
way fir ; 14. the Scotch fir; lo. the Mugho ; 16. the Corsican pine; 17. the Austrian
pine ; 18. the Aleppo pine ; 19. the stone pine ; 20. the Siberian pine ; 21. the larch

;

22, the cedar ; in regard to all of which iuformation is given, corresponding to that sup-
plied in regard to the oak.

PART VI.

—

Literature of Forest Science, and Forest Economy in France.

Section I.—Vegetation, Vegetable Anatomy, and Vegetable Physiology.
In this section are noticed works by Reaumur, Duhamel, Buffon, Du Petit Thouars, Mirbil,

Richard, de Condolie, aud Vilmorin.

Section II.—Subjects connected with Forest Science.
Iu this section are noticed works on the arrest of drifting sands by plantations of the moun-

tain pine ; works on the rc6')i.semert< of the mountiaus as a means of preventing dis-

astrous effects of torrential floods ; and references are made to works by French savants

on the effect of forests on the rainfall, and other meteorological phenomena.

Section III.—Practical application of Forest Science to the Management
of Forests.

In this section are noticed works by Varenne de FeuiUe, Lorentz, Parade, Nanquette
Tassy, Jules Clare, &c. ; with notices of the quantity of timber and forest product
imported into France, ami of the forest areas of Krance at different periods ; and refer

ences to the Histoire des Forets de la Oaule et de Vaneknne France, by L. F. Maury
;

and to the accounta of e;!(i3ting forests given in Loudon's Arboreticum ea Frutecititm

Britannicum,



BY THE SAME AUTHOR,

YDROLOGY OF SOUTH AFRICA^
or, Details of the Former Hydrographic Coxdition op the Cape

OF Good Hope, and op Causes of its Present Aridity.

H. S. KIXG & CO. LONDON, 1875.

H

" Dr J. C. Brown, formerly Government Botanist at the Cape of Good
Hope, discusses in his tlydrolocjy of South Africa the possibility of reducing

the aridity of South Africa by artificial means. In his opinion, it is quite

practicable greatly to modify the condition of the colony in this respect by
a proper storage of water during the annual rainy seasons, as well as of the

thunder showers and tropical toi-rents of rain in districts where there are

no regular rainy seasons. Apart from ihe special object which Dr Brown
has in view, there is a good deal of intei eating information with regard to

peculiarities of soil and climate in South Africa, of which he seems to have
made a very thorough exploration."

—

Saturday Review, 10th July 1875.
" Tiie Hydrology of South Africa, or details of the former hydrographic

condition of the Cape of Good Hope, and of causes of its present aridity,

with suggestions of appropi'iate remedies for this aridity, has been compiled

by Prof. John Croumbie Brown, and has been publisiied by Messrs H. S.

King ik Co. This work is full of valuable information on a subject of great

interest and importance, and deserves the most careful attention by the

Government of the colony to which it is especially addressed,"

—

Athenceum,

17th July 1875.
" Dr J. C, Brown, in his ti'eatise on the Hydrology of South Africa, makes

a valuable contribution to the literature of an important and interesting,

though very difficult, subject. He discusses, chiefly from geological data,

the eoi'ly hydrographic condition of South Africa, the probable causes of its

desiccation, and suggests as the best remedies for its present aridity the

erection of dams to prevent the escape of a portion of the rainfall to the

sea ; the abandonment or restriction of the burning of the veldt or " bush

;

the conservation or extension of existing forests ; and the adoption of mea-

sures similar to those carried out in France, with a view to prevent the

formation of torrents and the destruction of property occasioned by them."
—Scotsman.

" Dr John Croumbie Brown, the compiler of this work, was formerly Go-

vernment botanist at the Cape of Good Hope and Professor of Butany in

the South African College, Capetown, and is tlierefore entitled to be heard

with respect in speaking of the hydrology of South Africa. He furnishes a

great deal of pleasantly conveyed information on the subject."

—

Glasgotv Hd.
" This work oft'ers testimony bearing on a question of great interest, viz.

—possible changes in the moisture of the climate of a section of the country

and the probable causes of the change. The work is divided into three

distinct parts, wliich treat respectively of— 1. Former hydrographic condi-

tion of South Africa. 2. Cause or occasion of the desiccation of South

Africa. 3. Aridity and water supply of South Africa. In conclusion the

author holds that corresponding accounts might be given of the hydrology

of other lands, A large portion of the work is compiled from standard

writers on physical geography."

—

Van Nostrand's JEclectic Engitieering Ma'
gazine. NewYork, August 1875.



NOTICES OP " HYDROLOGY OF SOUTH AFRICAl." ix.

" Dr Brown for many years held the position of Professor of Botany in

the South African College, Capetown, and in the course of several

professional tours throughout the colony made great researches into its

physical character. This work is the first of a series based upon know-
ledge thus acquired ; and tliough written principally for the use of Colonists,

forms a valuable addition to the means for the study of this branch of

natural science. In the first part, the testimony regarding the former
hydrographic condition of Africa is discussed, and conclusions as to the
water supply of the country in the early historic period are arrived at.

The second and thii-d parts deal with the cause of the desiccation, and of

the probability of improving the present condition of the Southern or

Colonized portion of the continent. In addition to placing his facts and
deductions before the reader in a clear and forcible manner, Dr Brown
lightens the reading of the work by incidentally introducing much infor-

mation regarding the geology, scenery and inhabitants of the various

localities visited by him. We heartily commend this volume to the
attention of the various scientific societies throughout the United States

and Canada."

—

Scottish A77ierican Journal of New Yorh, June 2Jf, 1875.

" The progress of South Africa is plainly toward uninhabitableness. The
increasing severity of the droughts, the vast sweep of the forest and field

fires, and the sudden and terrible cloud bursts of rain and hail experienced
in the settled portions of the colonies are dssci-ibed at length in the work
on the " Hydrology of South Africa," prepared by Dr John Croumbie Brown,
formerly colonial botanist at the Cape (and favorably remembered by our
readers for his successful championship of Darwinism before the Evangelical

Alliance two years ago). In 1869, after a long period of exceptionally dry
weather, a tract of country 400 miles long and 150 miles in extreme breadth
was swept by fire, destroying fields and forests, farm houses, grain stacks,

wild beasts, and domestic animals, and in many instances the families of the

settlers.

'' Smaller yet very extensive fires are of yearly occurrence. The effects of

such wholesale denudations of the surface are necessarily widespread and
disastrous. The uplands become naked, parched, and slashed with gullies;

the lowland springs dry up, the streams fail, and the entire economy of

Nature is permanently disturbed. Rains that should be distributed over
the entire year fall in a few destructive deluges which wash away the soil

and turn the rivers into torrents, roaring sometimes fifty feet above their

natural level at high water. Details of a number of such storms are re-

printed by Dr Brown from the colonial newspapers. During one of them
in Natal, 27 inches of rain are said to have fallen in two days : the destruc-

tion of property was necessarily enormous, even in a sparsely settled region.
" It is but just to Dr Brown to say that, while fearlessly recognizing the

certain tendency of the climatic changes to make a desert of South Africa,

he does not despair of the future of the colonies, provided the colonists

cease to do evil and leprn to do well. He strenuously urges upon them
the one course which will enable them to hold their ground and possibly

recover the advantages they have wasted, namely, to put a stop to field and
forest burning, and then set to work to restore the forest growths. It is,

he admits, a difiicult and costly undertaking ; but it is absolutely necessary."—Scientific American, New York, July 3, 1875.



DEBOISEMENT IN FRANCE?
J- *• OR, Records op the Replanting op the Alps, the Cevennes, and thb

Ptrenees with Trees, Herbage, and Bush, with a View to Arresting and

Preventing the Destructive Consequences and Effects of Torrents.

H. S. KING & CO. LONDON, 1876.

" Vous rendez un eminent service k la socidt^, en appelant I'attention des esprits s^rieux

snr la question des reboisements et gazonnements. C'est une question vitale pour nos des-

cendants, surtout dans les climats m^ridionaux. II y a 1^ des v^rit^s utiles k repandre, et

vous avez rempli cette tache, parmi vos compatriotes.
" En France, I'opiuion publique lon:<tein3 iudifferente, est maintenant sufl^mment

eclair^e sur la question, et il en etoit grand tems.
" J'ai pu constater, dans un r(^eent voya.%Q, que dans une grande partie de la Suisse, dans la

Styrie, la Caryuthie, et le Tyrol, les m^naes ph^nomenones que out amen^ la dsolatioii de
nos Alpes Fran(jaises comnaencent a la produire. On y reconnait de nombreux torrents eteints,

et que le deboisement remet en action. Si Ton s' endort, si les administrations ou les communes
ne font rien pour arreter le mal la post^rite aura I, receuiliir un triste heritage.

" Vous avez resume avec la plus grande clart^ ce qui a 6l4 fait en France, soit comme Merits

soit comme travaux pour la reg^ai^ration de nos montagnes."—i^e«er to Author from M. Alex-

andre S^irell, Iiiginieur des Pouts et Chausees, A'Uhor of " Etude sur les Torrents des Hautes
Alpes, Owvrage, Gouronni- par I'Academie des Sciences en 1842."

" La poste m'a remis liier votre tres interessanc volume sur le reboisement: j en ai immd-
diatement entrepris la lecture et j admire qu'un fetran^er ait pu assimiler si complfetement uu
pareil ensemble de nos docump.uts franc; lis pulsus a tant de sources di verses. Le problem du
reboisement et de la regeneration des montignes est un des plus interessants que I'homme ait

ir^soudre, mais it ^xige du temps, de I'argent, et chez les autoritds et les assemblies politiques

beaucoup de connaisanees techniques qui sont encore trop peu rep indues. C'est par des livres

aussi substantiels que le votre. Monsi-^ur, que I'opinion peut etre prepar^e II envisager

I'importance de cette grande ceuvre." — Lei'er to author from, M. E'-nest Cezanne, Tng^nieur des

Fonts et Chaussees, Re.presant des Hautes-Alpes a V Assemble Nationale, Author of'-'' Une Suite
"

to the work rif M. Surell.
" Many thanks for your valuable and instructive ' Hydrology of South Africa,' which came

to hand in due coarse of mail.
" It contains many important data which I should have vainly sought elsewhere, and it will

be regarded by all compitent judges as a real substantial contribution to a knowledge of the

existing surface, and the changes which, from known or unknown causes, that surface is fast

undergoing.''
" I aaa extremely obliged to you for a copy of your ' Reboisement in France,' just received

by post. I hope the work may have a wide circalatiou. Few things are more needed in the

economy of our time than the judicious ad ninistration of the forest, and your very valuable

writings cannot fail to excite a powerful influence in the right direction"

—

Letters to the Author
from the H<n. Oei'-qe P. M irsh. Minister of the United States at Rome, and Author of " The
Earth as Modified by Humm Action. "

" I am in receipt of yours, along with the notices of your works on forestry, by book post.

I think very highly of the scope of the works, and feel sure that they and similar works will

supply a want much f^lt by the Iniian forest officers."

—

Letter to the Aithor from, Captain
Campbell Walker, Oonservator-in- Chief of Forests, New Zealand; Late Deputy -Conservator of
Forests, Madras ; Author of " Report on State Forests and Forest Mxnagenient in Germany and
Austria."
" None can have travelled much in the Alps—at least, if he had his eyes and ears open

—

without hea'-ing something of the "foeha." This is a peculiar wind, which not only blows
with great violence, but brings al)ug with it orages, or storms of rain. The '' fcehn " blows
from the south — often with extraordinary force ; it is peculiar to the Alps, and is felt through-

out their whole extent. In ttily it is known as the '' sirocco." It there presents the charac-

teristics of also coming from the south; but its direction is modified at every step, either by
mountain chains or valleys. Where its birthplace is no man will allow that any other man
knows. Som^ say the Sahara; others the Gulf of M>"xico. But all are agreed that it

gives to the sky a strongly mirkid, peculiar, wavy, whitish aspect; and that the rains

fall on the second and third days following its appearance. It is in connection with these

torrents of rain that tne " foehn '' U chiefly interesting. Almost without warning these torrents

form into wild mountain '• bums," and sweep down the mountain side, cutting up the ground
into deep ravines, and sweeping on before them houses, fences, catt'e, and cattle herds. Long
after a torrent has rer.ired its dismal effjcts are seen ; and even the ground over which its sur-

plus waters is extended is littered wi'h tne debris which it has brought down. No wonder
that the dwellers on the southern flanks of the Fiedmoutese Alps or in the French province of
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Danphiny dread these wild streams, or that the Government has taken means either to prevent

their formation or to obviate their destructive eflfects. After long study thoy have in most
places adoptod M. Surell's plans. Tlie^e are rebnisement. or rfiplantintj with trees lands in the

districts formerly covered with forests which have been denuded of tliem, and gazonnement or

the ' creating of a dense turf of herbage and bush upon adjacent land ' These agencies have

been found most beneticial. But it is not only the Alpine slopes which are devastated by these

sudden torrents, but many other parts of the world are also equally subject to their destructive

powers, though the torrents owe their formation to other agents than the "fcehn." More
especially is South Africa afiS.cted by them. For instance, in 1874, damages to the amount of

£300,000 were caused by floods in the Capy Colony. Dr J. C. Brown, when colonial botanist,

had repeatedly his attention called to those disagreeable concomitants of a colonial life in South

Africa, and was led to study some methoii by which ttiey might either be prevented altogether,

or their destructive character obviated. This, he believed, might be done by the reboisement,

on which millions of francs are spent in France alone. Accordingly, in the interest of the Cape
Colony and other countries similarly situated, he has set himself to study the whole question,

both by personal examination and through the numerous works and official documents published

on the subject. The result we have in this solid and important volume. It would be impos-

sible to attempt an analysis of it, as it is it<e!f an analysis ofdocuments even more voluminous
;

but it IS only bare justice to say that the reader who has mastered it has been put in possession

of a mass of information of the utmost interest and value. It only professes to be a compilation,

but at the same time the editor gives us much useful knowledge— the result of his own studies

and colonial experience. He deserves the thanks of all interested in the question— especially

foresters and geologists —for the labour he has voluntarily undertaken on their behalf. Such

a work should have been prepared at the expense of a Government, not at the cost of a private

individual. It is therefore hardly fair to cavil at the quality of the paper it is printed on, or

to state that Kirkcaldy is the rather unexpected local'ty to which it owes its impress We
ought to be glad to have got it in any form. With the author's former work on the " Hydro-
logy of South Africa," and his promised treatise on Fr^-nch forestry, Dr Brown will have sup-

plied English readers with an encyclopedia of sp-cial knowledge the value of which it would

not be easy to over-estimate."

—

Eaiiihurgh Courant, Jan. 17, 1876.
" In the High Alps, and in various other parts of the world -notably in Abyssinia and the

Cape of Good Hope— suddenly, almost without warning, wild torrents tear down the mountain

sides, carrying all before them, and furrowing the country in their course into deep ravines,

such as must be familiar to all who have travelled through the D^voluy Valley and other

districts frequented by these disagreeable visitors, which disappear as suddenly as they come.

These torrents carry away, either directly or by undermining the soil in their vicinity, not

only much valuable land, but in some cases houses and fields, precipitating them into the water-

courses and sweeping them along ; aiid land not less valuable is equally rendered useless by

being covered with detritus. It is, therefore, becoming an important question in rural economy

how these destructive torrents are to be kept in check or prevented ; and in various districts

of France important operations are in progress with these ends in view. The most efficacious

means of preventing the formation of thpse terrestrial floods have been found to be reboisement

&\iA gazonnement—the former being the replanting with woods lands in the districts formerly

covered with forests which have been denuded of these ; the latter the creating of a dense turf

of herbage and brush upon adjacent ground. All this we learn from Dr John Croumbie Brown
— one, if we mistake not, of that Edinburgh family to which the author of ' Rab and his

Friends " has added literary lustre, and his brother Samuel scientific fame—who, when Govern-

ment Botanist at the Cape of Good Hope, saw the destructive efl'ect of these torrents, and, with

a hope of their future prevention in that colony and elsewhere, gives us the result of his

studies in ' Eeboisement in France.' How successful these remedial operations have been in

that country, and how they are carried out in the different departments, the reader will find

very fully narrated in Dr Brown's pages. The torrents themselves are so carefully described

that the geologist cannot fail also to derive information from a perusal of his book. Ihe editor

does not pretend that the work is an original one ; he only claims to have ' compiled
'
the

rather voluminous literatureofre6oMe»iert< into one manageable volume, under various classfied

heads ; so that it would be ungracious to say that we might have been more deeply in his debt

had he given us the facts of the case boiled down and generalised in his own words in less space.

The voluminous and often indigested character of the documents quoted will deter many who
would otherwise have read the work from tackling so formidable a series of closely printed

pages. Still we willingly acknowledge that those who can find time—be they foresters,

colonists, botanists, farmers, or geologists— to study this volume, the compilation of which

must have been a labour of love to Dr brown, will find abundance of material to reward them

for the time spent over it. Under the circumstances, it might perhaps have been too much to

have expected a map to enable us to follow the text, but an index, though an unfulfilled, would

not have been an unreasonable \w^&"— Scotsman.
" Dr Brown's object is to induce the authorities of Cape Colony and Natal to follow the

example of France, in taking measures to prevent the recurrence of great floods. The im-

portance of the subject cannot easily be over-rated. Even in our own country, the principle

might be applied with advantage. Instead of foolii>h schemes for the Cultivation of land, which

•au never repay expenditure, » ^rge plan for planting wastee would be really useful. For
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countries subject to more violent storms than we here experience, it is an absolute neceasity,

The experience gathered in France is most interesting and iustractive."— Spectator.

Jan. 29, 1876.
" In his '' Reboisement in France,'' Dr John Croumbie Brown follows up his volume on the

desiccation of South Africa by an account of the replanting of the Alps, the Ceveimes, and the
Pyrenees. The volume is a useful addition to the too little studied literature of Forestry."

—

Edinburgh Daily Review. May 12, 1876.
" This book is devoted to an explanation of the system in use in France for keeping the

country supplied with wood, and for making use of timber and underwood to absorb moisture
and prevent inundations. The book is written expressly for the benefit of countries like South
Africa, where we suffer from defect of timber and excess of floods.

" The economical importance of the subject cannot be over-rated, and Dr Brown may be
believed to be thorouf^hly conscious of its value to us when he reckons the losses by disastrous

floods in Oape Colony as having averaged £40,000 a year during a long series of years. As if

to reprove him for the moderation of this estimate, there occurred, immediately after he had
made it, the dreadful floods at the close of 1874, which occasioned, according to one estimate,

a loss of £350.000 to public works alone. These are items of loss, the prevention of which
would assuredly repay a very considerable outlay in the way of planting. The same reasoning

would apply to Natal, though, upon a smaller area containing less property, there would not be
so large a lo?s.

" Mankind has for centuries been struggling with the floods arising from mountain torrents

or from the overflowing of slower and broader rivers. At first it was endeavoured to confine

the stream with earth-works, but the higher the banks of the river, were raised, the more
earth did the river, when swollen, wash down into its bed. The consequence was that the bed
of the embanked river was always rising, and the process of embanking had continually to be
repeated, until at length the river got to flow in a course so high above the surrounding
country, that any escape from its thus elevated artificial channel became a source of great

danger. The Po is an example of this state of things. The floods which at times devastate

the south of France, result from the same cause. At length it began to be observed that the

mountain torrents of the Alps, the Cevennes, and the Pyrenees, acquired more rapid and more
destructive vigour in proportion to the bareness of the surrounding country. This led to

planting the slopes which fed the torrents. It was found that plantations of timber and coppice,

nay even the cultivation of mere herbage, in the first place absorbed the moisture in the air,

and next after it had fallen in the shape of rain, so occupied and diverted it, that it fed the

watercourses in far smaller proportions. This plan was afterwards applied to the water-shed of

the large rivers which ran through the plains and valleys for hundreds of miles to the sea, and
the result has answered the expectations formed. It is now a settled thing that plantation and
forest culture not only prevents disastrous floods, but is a paying thing in itself. It not only
checks a great national danger, but is a source of national wealth.
" The cultivation of forests has long been a subject of legal enactment among the European

communities. The English Charta Forestalls, the companion of the Great Charter, was
chiefly designed to protect Koyal sports, and so no doubt were the many similar enactments
which are found to have been passed in the same times in other European kingdoms. It has
remained for modern days to deal with the forests by a system of economical and sanitary

regulations in the place of mere regal edicts In France a complete system of forest law has

grown up, having for its object the preservation of old forests and the creation of new planta-

tions ; the principle at Ihe bottom of all being that the forest is the property of the nation, and
must be made to subserve national ends.

" It is impossible, in the short space which we can devote to it, to do anything like justice to

a subject so important ; but we cordially commend the patriotic efi'orts of Dr Brown, and
none the less so that, with genuiue ancient patriotism, he does not expect during his lifetime

to witness the acceptance of his plans in the country where, for many years, he had made his

home. Corresponding to his plans for promoting timber growth and preventing floods, in his

equally beneficial system for preventing our sufi"eriDg from drought, his ' Hydrology of

South Africa ' teaches u.s how to avoid the extremes under which we now suffer, having too

much water one mouth and too little the next. That the proper treatment of these difliculties

will amply repay the attention and the capital devoted to them has already been proved by
experience ; and so we desire for Dr Brown an average duration of life, and for our government
anl legislature an intelligent activity sufficient to disappoint his fears that he is not destined to

see his labours recognised."

—

Natal Witness, Janxnary 27, 1876.

1
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" By this mail we have received from Dr John Croumbie Brown, LL.D., F.G.S., F.L.S., a
syuopsis of a book he is preparing for the press, entitled ' Reboisement in France.' giving the

preface in full. This preface consists principally of a reprint of a communication addressed by
Dr Brown from Haddington, N.B., to the Cape Argus in the previous year (he was at one
time Government Botanist at the Cape of Good Hope) upon the importance of replanting

South Africa with timber trees. Dr Brown shows very clearly the necessity for attempting

this. He first describes the condition of the country at present owing to the wasteful and
thoughtless devastation of the forests :

—

" 'At the Cape, throughout extensive districts, we meet with want of fuel, multitudes being
driven to the use of mist in cookina: food, and multitudes more numerous being unable to

obtain even this ; winds powerful, if not terrific, sweep over the land, with hail and tempest

;

droughts, long-continued droughts, alternate with deluges of rain and thunderstorms ; heat by
day in some districts is succeeded not unfrequently by frosty nights ; locusts and voetgangers

remind one of what is written of Judaea :
' That which the palmer-worm hath 'eft hath the

locust eaten, and that which the locust hath left hath the cankerworm eaten, and that which
the cankerworm hath left hath the caterpiUer eaten ;" and then, when it is least expected

—

the sky unclouded, the sun or the moon shining in its brightness—down comes a river, carry-

ing all before its wave.'
" The disastrous alternations— of heat and cold, of violent winds and stagnations of the atmo-

sphere, of torrents of rain and distressing droughts—are due, as Dr Brown perceives, to the
destruction of Nature's atmospheric regulators, the forests, the underwood, and the herbage

;

all these being necessary to regulate the humidity of the air and the discharge of rain. But
it is with the rivers which are fed by these rains the writer more particularly deals, to illus-

trate the necessity for trees and brush and grass in regulating the flow of streams and rivers,

and he shows the damage done to property by destroying the ' green garment of the earth.':

—

" ' Torrents have proved destructive on the continent of Europe by washing away fertile

soil, by undermining houses and fields, and whole villages and towns, and causing their fall,

by burying fields and vineyards and towns in the debris thus produced, and swept away, and
by producing extensive inundations of lower lying level lands drowning man and beast, and
burying, washing away, or otherwise destroying the labour of years.'
" Dr Brown then recite" the cures which were attempted upon the continent. . . . The

utmost, however, that can be now done to remedy the mischief occasioned by so many cen-

turies of abuse of forests and other vegetation is very insignificant compared with the evil

itself. For these ' reboisements ' and ' gazonnements ' are but temporary and local expedients
to obviate the effects of torrents already created by sudden bursts of rain, and it would require
planting and arrangements of an immeasurably vaster description to restore the lost equili-

brium of those rains and winds which feed all streams and vegetation. The whole " founda-
tions of the earth are out of course," as the Scripture so truly and sorrowfully says, and the
fearful floods, droughts, tornadoes, —aye, and earth convulsions, which are every month re-

ported form but the evidences of the radical disorder. Even if the money were forthcoming
for replanting all the world there are so many selfish ' vested interests' at stake that it would
never be permitted. And even if, by pecuniary compensations or by force, a general system
of restoration were initiated, and all the nations of the world by some miracle be got to agree
as to the manner in which it should be done, and the system be a correct one, still the evil has
gone on for so many centuries increasing and introducing disorder into every department of
nature that a cure would be impossible
" Such books as that of Dr. Brown are however very useful in their own way,teaching men,

as they do, the wrongs they have inflicted upon their inheritance, the earth, and showing them
simply and clearly how to obviate some of the effects of their wrong doing by ' reboisement,'
or replanting where they have destroyed."

—

Maryborough (Victoria) Advertiser, .5th April 1846.
" Dr Brown seems to have been just the sort of man required in a colony, and the treatises

he proposes to publish can scarcely fail to be highly instructive and useful throughout all

countries."— Z-awwcestoJi (Tasmania) Commercial, 20th July 1875.
" During Dr Brown's residence in South Africa, first as pastor of a congregation in Cape

Town, and afterwards as colonial botanist, he had ample opportunity of observing the suffer-

ings to which the colonists are exposed in consequence of the arid character of the climate.
In the present work he brings together a large body of facts illustrating the effects of long-
continued drought followed by terrific deluges. As any suggestions for the amelioration of
this sad state of things will be welcomed by all who are interested in the colony, we may
anticipate for Dr Brown's work a favourable reception.
"Dr Brown has advocated the advantages of a ' Postal University,' and suggested the pub-

lication of a series of treatises on scientific subjects of interest to colonists, such treatises to be
printed in small type on thin paper for transmission by book-post. The present work is the
first of a series of this kind. A large part of Dr Brown's volume is occupied with a .sketch of
the geology of South Africa, with the view of explaining the former hydrographic condition of

the country. The present aridity is attributed to the rapid escape of water, partly by eleva-
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tion of land above the sea-level and partly by rapid evaporation. This evaporation has beeti
promoted by the reckless destruction of vegetation, so tiiat the chmate has become much
drier within the memory of man. Hence Dv Brown wisely counsels the colonists to preserve
and extend their forests, and to abandon, if po-sible. the practice of burning the veldt. In
addition to these remedial measures, he of cour.-e advocates a system of irrigation, and the
construction of daii.s for retaining the water-supply. All these measures have, we believe,
already commanded more or less attention in the Colony, but Dr Brown has done well to
bring them forward iu the present form, with the view of extending their application.

—

Academy, II th March 1876.

The object of Dr J.Croumbie Brown in publishing this exceedingly useful book is to describe
to the authorities of Cape Colony—and, while doing so, to all Governments interested in the
subject—the causes and prevention of the terribly destructive floods which in many countries
sweep down from the bare high lands and desolate large tracks of fruitful country. He takes
for his examples the torrents of the High Alps of France, and shows how districts which were
once verdurous and wooded have become barren and desert-like. The forests which formerly
clothed them were gradually cut down, atid the floods rushing from the mountains, having
nothing to retard their course, dash down suddenly into the lower levels, and carry with them
masses of stony material, which cover the fruitful soil of the mountain flanks. The torrents
cut deep channels or ravines, down which they pour with overwhelming force and fearful
rapidity. The ordinary water-courses are too small to carry off the vast body of water which
gathers so rapidly in them ; the rivers overflow, and the valleys are transformed into large
lakes. Horses, flocks, even villages have been destroyed by tbeiv fury, and the inhabitants of
some parts of the High Alps have been driven further and further away from districts which
were once rich and fruitful. The floods of the High Alps are usually caused by the rain-wind
called thefcelm, which, in passing over the mountains, deposits quickly an enormous amount
pf moisture. The terrible effects of the torrents are too well known ; and we proceed to the
inquiry—What their cause ? In examining the districts devastated by these floods, it will be
found that the high lands are hard, bald and even in the lower lands scant of vegetation.
Wherever trees, shrubs, and grasses are abundant these great floods rarely occur ; and when
they do appear, their force is of slower growth, and time is given for takmg precautionary
measures. It is known that ' when a basin drained by a river is covered with vegetation, the
flow of the water is retarded, diffused and protracted ; but when mountains, upon which the
rain falls, are devoid of vegetation, the rain ru>heg off as does water on the roof of a house."
The cause, then, seems to be want of vegetation to regulate and modify the storms of rain.

The cure for these torrential floods is to retard their force at, or near, the point where they
Originate ; and by means of forest and herbage to prevent the sudden accumulation of rainfall

in one area of drainage and to retard its off-flow. It makes all the difference in the world, as
Dr Croumbie Brown points out, between a volume of water rushing past a given point in four
days, or the same volume running off more gradually in 14 days ; besides the delay enables
the inhabitants to prepare for its coming, which they are unable to do at present. The action
of vegetation, then, is to make the soil firmer to resist the action of the water, to distribute

the force of the rainfall, and to prevent it from rapidly sweeping into the channels of drainage.
But to re-plant these wide districts of country, and similar districts in Cape Colony and else-

where, demands an extraordinary outlay of money, and Dr Brown quotes the expenditure of
France for this purpose. Against this outlay, however, which will in time give good iniertst,

must be set down the fearful loss of property and life occasioned by the floods, and there can
be no doubt but that the loss by torrents in a few years would go a long way to pay the

expense of replanting. Our readers will recollect the recent floods at Toulouse, where property
was destroyed to the estimated value of four millions sterling ! Then consider the great loss

of human life. To read Dr Brown's examples of the cost of these destructive torrents is sufli-

cient to convince one that the reboisement or replanting of the bare hills wou.d soon be a great
saving to the nation. At Cape Colony, in 1867, a flood occurred at Port Elizabeth which
destroyed property valued at from £25,000 to £30,000. A similar torrent the year atterwards
in Natal caused damage to the extent of £100,000 to £l.oO,000 ; and towards the close of 1874
a still more destructive flood swept away about £300,000 w^orth of property ! Dr Brown aays,
" I only know of one form of impracticability before which I am silenced— the impracticability

of finding the money requisite for the execution of operations so extensive as might be
requisite to meet and counteract the evil in some given country or locality." But surely there
can be no question which is the cheapest in the end— the outlay with beneficial and protective
results, or the increasing forced outlay of ruined property and lost life. We earnestly
recommend this book to all who are interested iu the question ; it examines the phenomena
thoroughly, and the facts are quoted from the best authorities. Dr Brown has spared no
labour in his compilation, and his translation of the most valu.ible portions of works on this

subject by Surrell, Dugied, and many others, and of the legislative measures of the French
Goverments, should prove of immense assistance to those who desire to grapple with the great
e^.— Qlasgow Herald, July 1876.
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It is proposed to publish, if sufficient encouragement be offered, several

reports, memoirs, and treatises on Forest Science, as applicable to this

Colony, prepared by the Rev. Dr Brown, late Colonial Botanist. In reference

to these works, Dr Brown, in a letter to the undersigned, says :

—

In giving evidence at the Cape on the 21st August, 1865, before a Select Com-
mittee, appointed by the Legislative Council to conRider the Colonial Botanist's
Report, I stated, amongst other things, in replying to '• (iuery 95— Will you give
us an idea of the changes you would recommend ? '' '' And, thirdly, 1 recommend
the procuring information in regard to the most approved measures of forest
economy, which are applicable to the management of the forests of the Colony,
by commissioning some one acquainted with these forests to visit the forest schools
of Germany, and if it be thought desirable, to visit also the forests in other parts
of Europe, and report thereafter what is seen, or is suggested by what is seen
there, applicable to the management of the forests in this country [the Cape
Colony], whether relating to matters connected with private enterprise or Govern-
ment contract."

Since my return to Europe I have, with the exception of the time stated, been
in constant communication, personal and epistolary, with professors and students
of forest science, and officials entrusted with the management or administration of
forests in Britain, on the Continent of Europe, in the United States of America,
in British Colonies, and in India. I have again and again gone at my own expense
to the Continent for personal observation and inquiry. I have been a second time
to America, when a considerable portion of my time was devoted to this subject.
I proceed again this month to the Continent in the hope of having an opportunity
of verifying and extending the information I have collected ; and 1 shall be pre-
pared on my return to publish reports, memoirs, or treatises on the following
subjects, viz.

:

1. Reboisement in France, or replanting of the Alps and Pyrenees, and mountains
of Central France, with a view to prevent the destructive effects and con-
sequences of torrents.

2. Sylviculture in Belgium, and a study of the Dunes or sand-hills in Belgium
Holland, and France, and of the arrest and utilization of the drift-sands of
the Gironde, by plantations of trees.

3. Bewaldiuuj of the Karst in Illyria, or the reproduction of fruits on the
Karist, with a view to restoring fertility to a land reduced to stertility
through the destruction of trees.

4. Forest economy of Russia and arrangements being made there to introduce the
improved forest management of the day.

5. Forest economy of Finland, and arrangements which have been made to carry
out there a management of the forests in accordance with the requirements
of forest science.

6. Forest economy of Sweden, where the latest arrangements suggested by dis-
coverers of forest science are being carried out with vigour.

7. Forest science and forest economy of France.
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8. Forest administration in Germany,
9. Forest management in Great Britain and Ireland.

10. Forest management in the United States of America, in the British Dominion
of Canada, in Honduras, and in British Guinea.

11. Improved forest economy of British India and Burmah.
12. Applicability to the management of forests in newly-settled territory of the

suggestions of modern forest science, and of the forest economy practised

on the Continent of Europe.

And now I turn to you and ask : Can you give me your co-operation in devising

or carrying out measures whereby, without either pecuniary risk or pecuniary
profit to me, the information thus collected can be made available for the benefit

of the Colony ? I presume it will be admitted as beyond all question, that there

is not another acquainted with the requirements of South Africa—possessing so

extensive an acquaintance with forest science and modern forest economy as I do,

and that there is not another acquainted with forest science and with modern
forest economy, who happens to possess so extensive an acquaintance with the

productions, the capabilities, and the requirements of South Africa. As indica-

tions of what the extent of my acquaintance with these is, I may cite the reports

which I submitted, as Colonial Botanist, and a letter which I addressed to the

editor of one of the Cape newspapers some time after my return from the Colony,

a copy of which letter I shall subjoin together, with a statement of the contents

of these reports and expressions of the opinions of others, for reference by any who,
interested in the matter, may not have seen them.

If the publication of the information I have collected appears to you to be
desirable, but far beyond what can be accomplished by private enterprise, may I
ask you to give publicity in the' Colony to this communication, that it may be
known that the information in question is at the service of the community, if the

expense of publication can be met ? If this be done, I shall with pleasure, in

addition to what I have already done in the matter, carry any of these reports

through the press as my contribution towards the recovery of South Africa from
what, like the state of Spain, is the state from which more than one Government
is seeking by the conservation and extension of forests to save the country en-

trusted to their rule at an expenditure which at the Cape might be deemed
incredible.

Any suggestions by persons interested in forwarding the publications

above mentioned may be transmitted to the Eev. Dr Brown, Hadding-

ton, or sent to him through the undersigned; by whom also will be

received the names of persons desirous of subscribing for the work.

SAUL SOLOMON <fc Co.

Capetown, Cape of Good Hope,

St George Street, 15th October, 1874,






